The Royal Aeronautical Society 


(FOUNDED 1866) 


with which is incorporated The Institution of Aeronautical Engineers 


FEBRUARY, 1920. Vol. XXXIITI. 


PROCEEDINGS 


THIRD MEETING, First HALF, 64TH SESSION 
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A meeting of the Royal Aeronautical Society was held in the rooms of the 
Royal Society of Arts, John Street, Adelphi, London, W.C.2, on Thursday, 
November 1st, 1928. 


The Prestpent (Colonel the Master of Sempill): It was not often that the 
Society was fortunate enough to have presented to it a paper written by a lady, 
but on this occasion it was privileged to have one of which Miss Pettifor was 
joint author with Mr. Douglas. The Society would welcome many more papers 
by ladies connected with the Royal Aircraft Establishment and the National 
Physical Laboratory. For the past few years Miss Pettifor and Mr. Douglas 
had been investigating materials, in particular, adhesives for timbers. Mr. 
Douglas had been in charge of the mechanical testing of structures and materials 
at Farnborough since 1919, and in 1922 had presented to the Society a very 
important paper on ‘‘ Testing Aircraft to Destruction.”’ 


In spite of all the optimistic statements which had been made with regard 
to the advent of metal aircraft, the fact remained that there were still many 
wooden aircraft, and he believed it was the opinion of most of those concerned 
with aeronautics that there would be wooden aircraft for very many years to 
come; in fact, wood was employed to an increasing extent in the structures of 


** metal ’’ aircraft, so-called. Some people had suggested 


some of the well-known 
that a research on adhesives for timbers was rather out of date, but he ventured 
to suggest that the problem was even more important to-day than yesterday, 
for the simple reason that aircraft are expected to remain in service far longer 
nowadays than ever before, and under conditions that were never contemplated 
some years ago, i.c., exposure in the open for long periods. The fact that a 
Company which was perhaps the leading Company in the world on steel con- 
struction, and certainly leading in this country, namely, the Armstrong Whit- 
worth Company, had made arrangements which would enable its subsidiary 
to build a very well known type of all-wooden, or substantially-wooden, aircraft 
was rather significant. 
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THE TESTING OF ADHESIVES FOR’ TIMBER 
BY 
WM. D. DOUGLAS, F.R.C.Sc.I., A.M.I.Struct.E., Associate Fellow, 
AND 
C. B. PETTIFOR, B.Sc. 


Mr. Doveias: From very early days adhesives have played an important part 
in the joiners’ trade. The necessity for consistent high quality in glues and 
cements became acute when they were used under conditions of high stress in air- 
craft structures. It is natural, therefore, to find that aeronautical interests have 
been largely represented on research committees which have investigated the 
use of adhesives. At the end of t919 the Adhesives Research Committee of 
the Department of Scientific and Industrial Research was formed to continue 
the work of the Adhesives Committee of the Conjoint Board of Scientific 
Societies. It was realised that one of the obstacles to the study of adhesives 
was the unsatisfactory nature of the tests which determine their strength in 
timber joints. Many properties of glue (such as viscosity, jelly strength, etc.) 
have been used to control variation during manufacture or as an indication of 
probable relative strengths in timber joints, but it has never been generally 
admitted that any simple property of the glue itself can be accepted as repre- 
sentative of the ability of that glue to effect a joint with timber. In the present 
state of our knowledge, therefore, it appears to be necessary to make final appeal 
to the timber glue test piece. 

The most commonly used test pieces at the date of appointment of the 
Adhesives Research Committee were the ‘‘ simple lap’’ test piece (Fig. 1) and 


the American ** shear block *’ test piece (Fig. 2). The suitability of many other 
forms of test piece had been explored by Professor A. Robertson* and others, 
but no generally acceptable recommendations had been made. The chief defects 


of the test pieces in common use were the frequent occurrence of timber failure 
and the large variation in test results. 

The complete elimination of timber failure is regarded by some authorities 
as impossible since the strength of high grade adhesives (such as hide glue) may 
be considerably greater than that of the timber. In the case of gelatin cake 
glue, the tensile strength of the cake is usnally about 12,000 Ib. per square inch. 
Taking walnut as representative of timber, the tensile strength parallel to the 
grain is about 24,000 Ib. per square inch, but in the radial and tangential direc- 
tions of grain it is only about 1,6go and 1,080 Ib. per square inch respectively. 
It is possible, however, that the strength of a joint may be determined by the 
strength of adhesion of the glue to the wood rather than by the strength of the 
glue itself, and it must be remembered that the strength of wood substance is 
much greater than the average strength of porous wood and probably reaches a 
value of about 50,000 tO 60,000 lb. per square inch. 

These considerations may explain why variations in the strength of the 
adhesive appear to affect the failing load of test joints, even in those cases where 
the strength of the timber is evidently the main deciding factor. 

Further experiments have been made to determine the velative merits of 
various suggested types of test joint. These may be summariseu as follows :— 


*** Report on the Materials of Construction used in Aireraft and Aircraft Engines,’’ H,M, 
Stationery Office, Chapter XT. 


THE TESTING OF ADHESIVES FOR TIMBER 


(i) Joints Glued on the Side Grain 
(a) ‘* Simple Lap’? Test Piece. 

This test piece is shown in-Fig. 3. Load is applied in the plane of the 
unstrained joint. The common form of timber failure (shown in Fig. 1) may 
be avoided if attention is paid to the direction of the grain. (This will be 
explained in detail later.) Under load, the timber bends and the joint distorts 


1. 


and it is evident from inspection, as well as on theoretical grounds, that there 
is considerable tension acting across the joint in addition to shear. When the 
joint fractures it is uncertain to which type of stress the failure is due, although 
for convenience the strength of a joint of this type is frequently expressed in 
terms of the apparent mean shear stress. 

This uncertainty is not of great practical importance since, owing to the 
tic distortions of timber under load, it is shared by all other timber 
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Siue joints, whether in test or in practice, where glueing is on the side grain 
and where the general stress applied tends to shear the joint. 
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(b) Double Cover Plate ’’ Test Piece. 

This test piece (Fig. 4) was introduced to eliminate some of the asymmetry 
of the simple lap test piece. 

It has the practical disadvantage that it,is more complicated and expensive 
to produce and it is also unsuitable for laboratory use, since each fracture must 
extend over at least two of the four glued surfaces and it will be uncertain in 
which part the failure commenced. A further disadvantage is the difficulty of 
arranging for correct grain direction. 
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CYLINDRICAL DOUBLE SHEAR 


AND PLATE FOR 
TEST PIECE. 


APPLICATION OF LOAD. 


Fic. 6. 7. 


(c) Compression Shear’ Test Piece. 
A test piece which is of similar type, but which is broken by the application 
of compression instead of tension, is shown in Fig. 5. 


This test piece has some advantages and is similar in some respects to the 
““ shear block ’’ test piece of the Forest Products Laboratory, U.S.A. (Fig. 2). 
Failure in the timber frequently occurs, due to cross-grain tension. The test 
piece has to be made with considerable accuracy and is expensive. 
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(d) Cylindrical Double Shear Test Piece. 

Shear tests of metals are frequently made by shearing pins which pass 
through parallel plates. A glue test piece designed on these lines (with the 
fork and plate for test) is shown in Figs. 6 and 7. Great accuraey in con- 
struction is necessary and, due to bending of the cylinder under load, failure 
by cross-grain tension frequently occurs. 


(ce) Cylindrical Compression Shear, 


A simplified form of the last test piece (together with testing jig) is shown 


in Figs. 8 andy. A single glued surlace is used and the load is so applied in 
~ Vg 


CYLINDRICAL COMPRESSION SHEAR 
Test PIECE. 


Fic. 8. 


JiG FOR APPLICATION OF LOAD. 


FIG. o. 


test that a mean compression acts on the joint in addition to shear. This type 
gave an improved performance, but timber failures occurred with high grade 
glues. 

It may have a limited use for testing existing joints of small dimensions 
since the cylinder can easily be cut so that the joint lies in the correct position. 


(f) Cantilever’ Test Piece. 

A simple form of test piece is shown in Fig. 10. It is comparatively cheap 
and easy to construct and is adapted for use in the Spandau glue test machine. 
limber failure is, however, liable to occur, due to cross-grain tension which, 
in this case, is the main stress applied to the joint. 
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A modified form of this test piece has been found suitable for the special 
purpose of testing glued joints while immersed in a liquid. (See Appendix I. 
and Fig. 36.) 


THis PART 
FIXEO. 


CANTILEVER TEST PIECE. 


F1G. 10. 


(ii) Joints Glued on the End Grain 


It is well known that timber is strongest in the longitudinal direction of its 
grain. (Representative values of the strengths of some timbers for different 
grain directions are given in Appendix II.) It is natural that attempts should 
be made to avoid timber failure in glue tests by taking advantage of this property. 

(y) The turned tensile test piece illustrated in Fig. 11 utilises the timber 
in the strongest direction of the grain. The glued joint may be made at an 
angle to the length and the ratio of shear and tension across the joint varied 


TURNED TENSILE TEST PIECE. 


Fic. 11. 


accordingly. This test piece is comparatively expensive to prepare and, owing 
to the necessity for suitable end fittings to ensure truly axial pull, is hardly 
suitable for other than laboratory purposes. 


(i) The ‘*‘ Spandau ’’ test piece, which has been used extensively on the 
Continent, is illustrated in Fig. 12. Glue is applied on the “end grain’ of 
the timber, a butt joint is made and the completed test piece is broken by the 
application of a lateral force at one end. The joint is subject to compression 
over one half of its depth and tension over the other (a small. shear along the 
joint has been neglected in the calculations of stress). Failure is assumed to 
be caused by the tensile stress and this apparent maximum tensile stress has 
been quoted in the results. These joints are very simple to construct and to 
test, and with suitable timber, timber failure may be largely eliminated. In 
view of these advantages this test piece offers many attractions as a test joint 
and will be referred to in greater detail later. 


(iii) 
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(iii) Energy-Absorption Tests 

In each of the joints described above the failing load obtained probably 
represents the strength of some small area of the joint rather than the mean 
value for the whole glued area. 

If some test could be devised which would measure the energy needed to 
fracture, not a small portion of the glued area, but the whole of that area, it 


Eno GRAIN 


THIS PART 
FIXED. 


SPANDAU END GRAIN TEST PIECE. 


Fic. 12. 


should give a more representative value of the joint and be, in effect, equivalent 
to the mean value of a series of tests as carried out by static loading. Owing 
to the elastic energy stored in a wood test piece during loading it is difficult to 
devise any simple means of measuring the energy absorbed in the rupture of 
the actual joint in any of the test pieces already described. Experiments have 
been made with strips of strong webbing secured to a hard wood surface by the 
adhesive under test (Fig. 13). The energy necessary to tear off a given area 
of webbing was measured by means of a pendulum machine. This test piece 
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gave interesting results and may be of use for certain purposes, but it does not 
appear to be suitable for general use, since it is sensitive to atmospheric condi- 
tions at the time of test; it is difficult to obtain webbing of sufficient strength 


ues, and it is difficult to show that the results obtained are 


to test high grade ¢1 


representative of timber joint strengths which may be expected in practice. 

In the endeavour to avoid timber failure we are thrown back on two lines 
of investigation. 

Knd-Grain Joints.—Where selection of a suitable timber and development 
of a satisfactory technique of construction are necessary, 
Side-Grain Joints.—Where choice of timber and control of grain direction 


appear to be the factors of chief importance. 


Consider these in turn. 


Investigation of End-Grain Joints 
The Spandau test piece has been selected as typical of end-grain joints and 


a large number of tests has been made to investigate the mechanism of rupture 


of the joint during test and to determine the effect of various modifications of 


glucing procedure, 


The open cut surface of the end grain of timber may be regarded as similar 
to a honeycomb. The wood substance which forms the walls of the cells or 
vessels has a specific gravity of about 1.55, Irrespective of the species or gross 
density of the timber. The total volume of pore space in any timber may be 
estimated from its gross density and it may be assumed, as a_ reasonable 


approximation, that the proportion of open pore area in the cross-section is the 
same as the proportion of total pore space in a block of the timber. 


It is evident that when a liquid adhesive is applied to the cut surface there 


will be some degree of penetration of the open pores. 


A radial section of spruce is shown in Fig. 14. This and the following 


sections have been selectively stained with gentian violet followed by orange G, 
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the wood being stained a bluish violet and the glue yellow. It will be seen 
that the glue has penetrated to a greater depth in the open pores of the spring 
wood at the left and that the penetration is much reduced in the close wood 
of summer growth at the right. The section which is i 
yart which was stressed in tension. It wi'l be seen 


ustrated was cut from 


a Spandau test piece at that 


Vhis is shown strikingly in. Fig. £5, which is from the same piece of spruce. 
In this case, the specimen has been cut tangentially to the annual rings so that 
the medullary rays appear in section; and the wood cells are fairly uniform in 
size from left to right. It is remarkable ‘that the glue penetrations, which in 
some cases are only one diameter deep, have fractured in all cases without being 


withdrawn from the timber. 


Bite 
4 


Magnification x 60. 
Fig. 15. 


A tangential section ofan end-grain joint in holly is shown in Fig. 16. 
In hard woods it is usual to find great disparity in the size of wood pores owing 
vessels ’’ in addition to the small tubular wood fibres. 


to the presence of large 

It will be seen that the glue has penetrated-to a relatively great depth in the 
wide vessels. The thickness of the glue film in this joint was about 0.0045 inch. 
and the fractured surface shows uo evidence of withdrawal of the glue 
penetrations. 

The form of fracture is shown more clearly in Fig. 17 (a radial section of a 
fractured joint in holly), where the fracture follows the cut surfaces of the 
timber, but without withdrawal of glue from the pores. 


A radial section of spruce is shown in Fig. 18 at a higher magnification. 
A partial-separation of the glue film can be seen, and this appears to take place 
at the cut surface of the timber, the fracture passing through <he top of each 
glue penetration. (The thickness of the glue film and the width of each wood 
cell in this specimen are both about 0.002 inch.) 
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Magnification x 174. 


FIG. 16. 


Magnification x 60. 
Fic. 17. 


pill 
str 
rat 


100 
q 
, 


THE TESTING OF ADHESIVES FOR TIMBER 10] 


sal If the strength of the joint is due mainly to the tensile strength of the glue 
pillars entering the wood pores, it would be reasonable to expect that the 
strongest joints would be obtained with those timbers which have the greatest 
ratio of pore area to total cross section. 


18. 


Magnification. x Go. 


19. 


| 
Magnification x 135. 
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There is some indication of this increase in strength with decrease of density 
for the heavier timbers. With light timbers, however, there appears to be a 
drop in strength. This may be due to internal strains in the joint which wiil 
arise during setting and shrinking of the glue—which will be greater the greatet 
the depth of penetration—setting will occur first at the advancing crest of each 
glue pillar, due to cooling and absorption of moisture by the cell walls. If the 
end of the glue column is fixed to the cell wall, the shrinkage which will normally 
take place during setting of the remaining portions will leave the dried glu 
in a state of internal strain, which will increase to a maximum value where the 
column joins the mainybody of glue in the joint. This shrinkage may aiso 
partially detach the glue\from contact with the sides of the pores and the dry 
columns will no longer fil the pore space. 


Magnification x 130. 


FiG. 20. 

A cross section of spruce is shown’ in Fig. 19. This has been cut just below 
the joint surface, and it will-be seen that the dark glue columns do not fill the 
wood cells but are triangular ‘or crescent-shaped in section. In some cases they 
form an annular lining to the cell.* This is shown on a larger scale in Fig. 20. 


Correlation of the character of the glue pénetration, as shown by microscopic 
examination of these and other sections from fractured joints and .he stresses 
developed in those joints at fracture, would seem to indicate that, depth of 
penetration is not necessarily a requisite of great joint strengtir, but jrather t>e 
reverse, also that the thickness of the glue film in thesé particular joints bears 
little relation to the strength of the joint. 

The ‘variation of strength of Spandau joints with different timbers and 
different concentrations of high grade gelatin glue is shown in Fig. 21, where 
each point’ répresents the méan value of about four tésts: It will”be seen that 
the strength of the joint is increasing with increase in density of timber until 
holly, of a density of 55 lb. per cu. foot, ig reached. The drop in strength for 
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Cairn’s hickory is probably due to reduction of porosity, but the determination 
is not very reliable as Cairn’s hickory is a wood of somewhat oily nature. It 
will also be seen that in the lighter woeds, the strength of the joint (using a fixed 
assembly time) may be changed through wide limits by the variation of the 
concentration of the adhesive. With light timbers, strong joints may usually 
be obtained by the process of *‘ double glueing,’’ in which glue is applied to 
the cut end-grain surface, allowed to set, and the surplus then scraped off with 
a piece of celluloid er other suitable instrument. The surface when dry may be 
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glue. A similar strengthening 


he adhesive 


prepared for jointing with a simple application ol 
effect on the joint can probably be obtained in most cases by using t 
- + 1. - 4 
at a greater concentration, but the process of double glucing may have an 
important practical application, since the surface which has had a preliminary 
coat of glue may subsequently be treated with the same glue procedure as is 
suitable for side-grain joints, thus allowing the formation of efficient side and 
end-grain joints simultaneously in the ene article. 


Compared with side-grain joints, end-grain joints are more sensitive to 


temperature 


oth of the 


lue and of the assembly room), as. ‘mbly time, com- 
adhesive and al i 


position of 1 other conditions which affect visccsity at the time 
of application. This sensitivity is a serious practical disadvantage for a test 
joint which has to function with glues and cements of widely differing types. 


This consideration and the doubt as to the relation between the relative 
operation of glues and cements on end-grain and side-grain surfaces redders the 
end-grain joints unsuitable for general test purposes. 


Investigation of Side-Grain Joints 


As already explained, the form of test piece must be of simple type in order 
to allow of satisfactory control of grain direction. This would admit the simple 
lap test piece and also the American shear block test piece, but it is difficult to 
ensure a uniform distribution of presstre over the latter joint during construc- 
tion on account of the thick timber which is employed. 
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The present extensive use of the simple lap test piece is an additional strong 
reason for favouring this type and its performance under different conditions has 
now been extensively investigated. 

The importance of correct choice ofti[Main direction Curing the assembly 
of the simple lap test piece has already bee., mentioned. 

To obtain a minimum of timber failure the timber should be so cut that the 
grain makes a small angle to the length as shown in Fig. 22 (a). In practice 
special precautions need not be taken to ensure this as it se’dom happens that 
the grain is exactly parallel to the edge. The blank from which the two halves 
of the test piece are cut is then divided centrally and the parts overlapped as 
shown in (b) and (c), so that the grain tends to run continuously from part to 
part through the joint. The tvpe of assembly shown in (a) should be avoided. 


PIG. 29. 


It is evident that where the grain lies as in (a), failure through the timber, such 
as was shown in Fig. 1, is very likely to occur. 

Fig. 23 shows the type of failure usually obtained with beech using correct 
grain assembly. Any slight timber failure which may occur is usually of little 
depth and confined to the central third of the length of the joint. 

Tests have been made using timbers of different densities; the results 
obtained are illustrated in Fig. 24. It will be seen that with the light timbers 
there is a tendency for the apparent strength of the joint to increase with 
increasing density. This is presumably because the low timber streagth which 
accompanies low density is probably a deciding factor in the joint failure. With 
high density timbers there appears to be a tendency for the strength of the joint 


to fall. This may have some connection with decreasing porosity or may perhaps 
be due to the oily or resinous inclusions in many of the hard woods. The use 


of a weak adhesive appears to give failing loads with light timbers which are 
but slightly lower than those obtained with high grade adhesives, but with 
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dense timbers the failing loads are considerably reduced, which indicates the 


probability that glue strength is the main factor affecting failure in these joints. 


It appears from these results that, with light timbers, the failing strength 
approaches the strength of the solid timber itself. Some results obtained from 
test pieces cut from solid timber are included in the diagram, Fig. 24, and com- 
parison with the results obtained for the glued joints show that the strength of 
the latter is only affected to a small degree by the strength of the adhesive used. 
Such timbers are entirely unsuitable for differentiating between the strength of 
high grade adhesives. 

With timbers of high density, it appears that the failing load will reflect the 
relative strengths of different adhesives, but very hard woods are difficult to 
obtain and work and in some cases would need chemical treatment to free them 
jrom-otly or resinous inclusions. 

Far practical test purposes it is necessary to select some timber which ean 
be obtained in the British market in reasonable quantity, which has as high a 
density as possible and whic. is otherwise satisfactory for use with adhesives. 

Three timbers of this class are ash, birch and beech. Of these, ash has 
the disadvantage that there is a very marked difference in porosity between the 
spring and summer growth and it may therefore be regarded as a mixture of 
dense and light timber which introduces to an uncertain extent the disadvantages 
of light timber. 

Birch appears to be a suitable timber, but is rather difficult to obtain in 
seasoned condition at a reasonable price. 

Beech appears to be generally satisfactory. The chief objections which have 
been raised ‘to its use are tendency to warp and an all. zation that it does not 
‘take’? glue well. The tendency to warp may be overcome by suitable con- 
struction procedure which will) be detailed later. The satisfactory method in 
which it forms joints with hide glue and casein cements has been demonstrated 
by many tests. Using beech and hide glue, an attempt has been made to 
investigate the effect on joint strength of most of the variable factors which 
might affect the construction and strength of the joint. 

These factors may be enumerated as follows: 

(a) Glue. 
Concentration, 
Temperature and time of heating. 
Temperature at time of application. 


Timber. 

Density and porosity. 

Presence of natural oils or gums. 
Moisture content. 

Surface finish. 

Grain direction and inclination. 
Temperature at time of glueing. 


(c) Glueing Conditions and Procedure. 
Temperature and movement of air in assembly-room, 
Humidity of air. 
Time of assembly. 
Intensity of pressure applied to joint. 
Method and uniformity of glue application. 
Elimination of air bubbles. 
Duration of conditioning. 
Temperature and humidity of conditioning chamber, 
Dimensions of test piece. 
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(d) Testing. 
Type of grips. 
Distance between jaws and pivots of grips. 
Rate of loading during test. 
Eccentricity of loading. 
Temperature and humidity at time of test. 
The effect of many of these variables has been discussed in detail in the 
** Second Report of the Adhesives Research Committee.’’ Most of the variable 
factors in the glueing conditions affect the strength of the joint by modifying 
the viscosity of the glue at the time of application of pressure to the assembled 
joint. In many cases, and within certain limits, it is possible to offset the effect 
of change of viscosity by changing the intensity of applied pressure. It is of 
interest to note that the time elapsing between spreading of the glue on the 
timber and application of load to the joint is of more importance than the time 
between glueing and placing the parts together. With geiaun glues, stronger 
joints are generally obtained with high concentrations of the glue, if sufficiently 
great pressures are used to offset the effect of increased viscosity, but premature 
setting of the glue places a practical limit on the increase of concentration, 
Many of the factors listed above have, fortunately, little apparent effect on 
the strength of the joints, and their control and standardisation would appear 
to be unnecessary refinements. 
It is important to determine the errors which may be expected, due to small 
departures, either inteniionai or otherwise, from the dimensions and propor- 


tions which may be recommended for standard use. The effect of variation in 
thickness ts illustrated in Fig. 25. Within the range jin. to $in., 1 per cent. 
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increase produces an increase in apparent shear stress at failure of about 0.5 per 
cent. It is important that this correction should be used in cases where test 
pieces of thickness greater than standard are first used and then subsequently 
re-used in decreased thickness after planing off the glued and fractured surfaces. 

The effect of variation in overlap is shown in Fig. 26. A decrease of 1 per 
cent. in the length of overlap gives an increase of about 0.5 per cent. in the 
apparent mean shear stress at failure. In the same figure, results are given for 
tests in which the effect of overlap has been modified by the use of varnished 
areas over which the adhesion of the glue will be either negligible or greatly 
reduced. These results suggest that the failing load is closely connected with 
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the total glued area, whether the area has one continuous length or has two 
lengths with a central discontinuity. This is a somewhat unexpected result which 
is dificult to explain, but the method in which fracture originates or develops 
in a single lap jot is still unknown, 

During test it is usual for two sharp cracks to be heard, and it has been 
ascertained that these are caused by the sudden violent rupture of the glue fillets 
at either end of the overlap. Since these cracks frequently occur at loads 
approximating closely to the failing load of the joint, and yet the disruptive effect 
does not extend to the whole joint and precipitate failure, it would appear doubt- 
ful whether final failure extends inwards from the ends of the overlap or originates 
at some position in the mid-length of the joint. 
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The fracture of similar shaped test pieces cut from solid timber appears to 
be of the same type as that obtained in glue joints, since the effect of change 
of overlap, as shown in Fig. 27, bears a marked resemblance to that shown in 
the previous figure. The strength of a simple lap joint appears to vary directly 
with its width (Fig. 28) so that alteration in width should not affect the apparent 
mean stress at failure. Change of length of the test piece, within the range 

tested, 34in. to 8in. for each half of the test piece, produced no appreciable effect 
| on the apparent strength of the joint. If, however, the test piece was asym- 
metric then increase in the length of one side, the other being kept of constant 


length, resulted in loss of strength as shown in Fig. 20. 
Fig. 30 shows the effect of lateral eccentricity of loading on the apparent 
\ strength of the joint. For eccentricities up to about 20 per cent. of the half 
width of the test piece, 1 per cent. eccentricity causes a reduction of about 1 per 
cent. in the apparent strength of the joint. 

We are now in a position to make recommendations for a form of test piece 
and method of preparation which should assist in reducing the variation in 
results, and the discrepancies between results obtained at different testing 
stations, by controlling those processes which are most likely to determine the 
test values. The recommendations given in detail in Appendix IIT. embody the 
suggestions of the authors and will be subject to confirmation or modification 
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by the Adhesives Research Committee. Where possible, methods at present in 
use have been retained and the value of the present suggestions lies chiefly in 
standardisation of processes which have hitherto been left to the discretion of 
individual vorkers and the introduction of modifications which are likely to be 
of distinct and direct benefit. 

It is suggested that simple lap test pieces of beech be used. The present 
dimensions are suitable except that the width should be reduced from 2 inches 
to 1 inch. This change will eliminate most of the waste which occurs during 
the cutting of 2-inch slips with the width parallel to the annual rings, thereby 
effecting a marked economy in timber cost, and it will also greatly reduce any 
ill-effects which might arise from warping during conditioning. 


+32: 

The importance of strict attention to grain direction is emphasised, 

A cheap and simple form of clamp, illustrated in Fig. 31, will allow each 
test piece to be placed under pressure individually by inserting the test piece 
and clamp in a suitable pressure applying machine. One type, using a foot 
control, is illustrated in Fig. 32, and another simple type, for hand control, is 
illustrated in Fig. 33. The small clamps, by means of a piece of rubber in 
compression, retain the desired load on the test piece after removal from the 
pressure machine and during the first part of the conditioning period. 

The various steps in preparation and assembly of a joint are illustrated in 
Fig. 34. 

Since it has been shown that the time elapsing between application of glue 
and application of pressure is of importance in determining the failing load, it 
is distinctly inadvisable to use any pressure apparatus which applies load simul- 
taneously to several test pieces. 
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In order to prevent strain on the joint, due to possible warping of the timber, 


it is important that while the joint is under pressure no constraint by jigs or 
otherwise should be applied to the ends of the test piece. 
The surface finish, suitable for standardised tests, is still under discussion, 
but it would appear to be sound policy to accept the process which is most 
easily controlled and therefore least liable to variation. 
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Variation 
In spite of attempts to control all conditions which might be expected to 


| 


affect the failing load of timber glue joints, the results obtained are still lable 


to very considerable variation which renders difficult the relative measurement 
of small changes in mean strength. It is of interest to examine the amount of 
variation which is still present in joints which have been constructed unde! 
lab 


for adoption. 


atory conditions and using procedure closely similar to that now suggested 


SIMPLE LAP 2° 
(izo Resurts) 
‘ 
Asn- Simece LAP 2@"WIDE 
| | 
(G7 ResuLts) | 
| 
| 
(94 Resuits | | 
5) | 
Prosaguity CuRVEe 
Y= ke | 
+ | 


Seruce. TimBerR ONLY 
(744 Tests) 


| 


° 
Yo DEVIATION FROM MEAN VALUE 


“PROBABILITY CURVE FOR GLUED JoINTS 


The results of several series of tests have been plotted in Fig. 35. Two 
series in beech and one tn ash have been ineluded and the graphs show the 
distribution of deviation from the mean value of each series. It will be seen 
that the general shape of the mean curves is in close agreement with the 
theoretical 
indicates that the dispersion of variation for an individual observation follows 
re normal law of errors, and it may be calculated by the use of Bessel’s or 
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probability curve plotted from the expression y=he—h?x?, This 


eters’ formule that the probable error of a single observation is +7.3 per cent.” 
i.e., that the odds are even (1:1) that the correct value of any result will lie 
within +7.3 per cent. of the mean value obtained from a large number of results 


obtained under similar conditions. These odds”? are not very convincing to 
a practical engineer, and further calculation from the same probability curve 
shows that the odds are 10:1 that the correct value of any single result will lie 
within +18.3 per cent. of the mean for the corresponding series. Since the 


x 


The arithmetical mean value of a large mumber of results is here assumed to be the ‘* true 


or ** correct ’? value, and departure from this mean is assumed to be a normal ‘* error.”’ 
The curves from which, the estimates have been made each refer to tests using a 
particular spéties of timber and a particular type of gelatin glue, so that the estimates 
of probable error should include variation due to timber and to the use of different cakes 
of glue, nominally the-same. 
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accuracy of the mean of any number of determinations (n) is proportional to vn, 
it follows that if, say, six determinations are made that the odds are 10:1 that 
the mean value of these determinations will lie between +4+18.3//n or +7.5 per 
cent. of the true mean value. 

A curve has been included in Fig. 35 to show the variation obtained from 
a large series of end-grain compression tests of spruce.+ These may be taken 
as typical of the variation to be expected from selected specimens of air-dry 
timber of a particular species. It is of interest to note that the dispersion of 
this curve is greater than that obtained for the glue joint tests, which suggests 
that by partial elimination of wood failure the variation of the glue tests has 
been reduced below that which would be obtained if all the test pieces had been 
cut from solid timber or if all test results were being determined by the strength 
of the timber in the test pieces. 

Further details of many of the tests described above are given in the First 
and Second Reports of the Adhesives Research Committee. The Third Report, 
now under preparation, will describe the research on the improvement of 
the test for timber glue joints. 

For permission to publish the results in this paper we are indebted to the 
Department of Scientific and Industrial Research and to the Air Ministry. 


APPENDIX I. 
Modification of Cantilever Test Piece for Tests on Glued Joints 
Immersed in Liquid. 
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+ Tfiis curve is adapted from Fig. IV., Aeronautical Research Committee, R. & M. No. 1125. 
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APPENDIX III. 


SUGGESTED RECOMMENDATIONS FOR FORM OF TEST PIECE AND 
rECHNIQUE OF PREPARATION AND TESTING. 


suggested recommendations cover the type and preparation 


esting the streneth of joints in timber with various adhesives. 


Timber Beech 


Phe timber shou 


density and brittleness test requirements to prevent the use of fungus infected 


Id be properly seasoned and should conform simpk 


or otherwise seriously defective timber. 
Each half of the test piece should be 434 inches long, 1 inch wide and 2 inch 
thick. (Vhe initial thickness mav be as much as ! inch to allow of subsequent 
re-use with successive reductions of thickness to a minimum of + inch. Where 
the thickness at the time of test differs from % inch, the failing loads obtained 
should be converted to the equivalent loads for a thickness of £ inch. Both parts 


of each complete test piece should be of the same thickness). 


Phe two parts of each test piece should be assembled with an overlap of 


to inch giving a joint area of rin. x Lin. 

(NoTES.--.lecuracy « verlap.—Suitable spacing clips for ensuring an over- 
lap of are ilustrated in Fig. 34. 

Similarity of Timber For important work, similarity of timber in the two 


halves of each test piece may be ensured by preparing the blanks of size 
gin. x tin. x Zin. A test piece can then be formed from each blank by cutting at 
mid-length and overlappine the cut ends.) 
Grain Direction, 

he annual rings should be as nearly as possible parallel to the 1 inch width 
so. that the adhesive will be applied to a tangential (‘' 
timber. 


flower cut *’) face of the 


Phe longitudinal grain should be parallel to the 44in. x Zin. face of the test 
blank, but should preferably make small angle (sav, 3° to 5°) with the g4in. x rin. 
face. 

The parts of the test piece should be examined for this inclination of grain 
and should be assembled so that the grain tends to run continuously from. part 
to part through the joint. This precaution is necessary if premature timber 
failure is to be avoided. 

Surface Finish. (This section is still under consideration. ) 


The surfaces to which the adhesive is to be applied should be prepared with a 
sharp plane and should not subsequently be ‘* toothed "’ or roughened. 

(Nore.—The use of a blunt plane iron should be avoided as any burnishing 
effect will lower the failing load of the joint. The strength of a joint may be 
increased by various methods of roughening the surface but, owing to the diffi- 
culty of standardising the process and degree of roughening, more reliable 
comparative results will be obtained by the regular use of a simple planed 
surface). 
Assembly Time. (Interval between application of adhesive and application of 

pressure. ) 


An assembly time of six minutes has been found to give good results with 2 


high grade gelatin glue, but no definite time can be specified to suit all glues. 
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Experiments have shown, however, that the ‘“‘ scar *’ test may prove to be a 
satisfactory substitute for timing. The surfaces are coated and left open until 
on touching the glue with the finger, a definite ‘* scar ’’ is produced which does 
not quickly disappear. The joint is then closed and pressure applied. Such a 
test can be applied to a glue of any viscosity. 

Pressure. 

A uniformly distributed pressure of 200lb. per square inch should be applied, 
and retained for a period of 16 hours. 

(NotrEs.—Suitable clamps for holding the test piece during application of 
pressure and for retaining it under that pressure for 16 hours are illustrated 
in Fig. 31. 

It has been found convenient to apply the pressure to these clamps by means 
of a pedal operated apparatus such as that illustrated in Fig. 32, which leaves 
both hands free for manipulation and alignment of the test piece, or a simple 
hand press, such as that illustrated in Fig. 33. 


Accurate alignment of the two halves of the test piece may be obtained by 


special guides attached to the pressure apparatus. An alternative method ts to 
cut the test piece just oversize on the width and then assemble without special 
precautions being taken to secure accurate alignment. After conditioning the test 
piece can be reduced to accurate width by planing. This procedure may be used 


10 ensure correct alignment, but is not applicable to test blanks which have already 
been used and which have been reduced to the 1 inch width.) 


Conditioning Time and Temperature. 


A conditioning period of three days at 21°C. (after removal of pressure) will 
probably be suitable for most adhesives. 
(Note.—Where a “S moist test ’’ 1s desired the test pieces may be maintained 


during the third day in a saturated atmosphere). 


Loading Grips, etc. 

The test grips should hold the test pieces over two inches of their length 
at either end. Load should be apphed in the plane containing the joint of the 
unstrained test piece. 

Symmetry of loading with reference to the width of the test piece should be 
ensured by pivots or other suitable means. 

To ensure that test pieces are loaded under conditions of definite flexibility 
it is advisable that the grips should have pivots with axes in the plane of the 
(unstrained) joint and distant about 54 inches from the centre of the joint. 

(Norr.—Although similarity of pivoting of grips is advisable, considerable 
departure from the sugevested dimensions may be made without undue effect on the 
failing loads of the test pieces. It has been found, for example, that experimental 
results obtained in a Commercial Glue Test Machine with the usual serew grips 
agree closely with those obtained with grips conforming to the specification given 
above). 

lhe timber should be gripved in a positive manner between roughened steel 
surfaces. 

Wedge grips should not be used. 

Rate of Loading. 

Load should be applied at the rate of 1coolb. per minute (4 
Nu r of Test Pic 

Owing to the variations in results which occur even in those tests which are 
made under the most carefully controlled conditions, the test value accepted for any 
determination should be the mean of not less than six tests. 
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Corrections. 

If, for any reason, the dimensions of the simple lap test pieces, as actually 
used, differ from those adopted as standard, the apparent shear stress at failure 
(failing load divided by actual joint area) may be reduced to an equivalent value 
for comparison with results obtained with test pieces of the standard dimensions. 


Approximate corrections :— 


Actual Dimensions To compare with standard, 
undersize by the failing stress obtained 
1% on should be 
Overlap. Decreased by 1%. 
Thickness. Increased by 0.5%. 
Width. Unchanged. 
Discussion 


The Presmrent: It is clear to those who had studied the paper that the 
aeronautical community was beginning to pay back to the engineering community 
a large part of the debt that it owed, as the intensive research on adhesives for 
timbers, as described by the authors, would never have been undertaken but for 


the requirements of aircraft. There was no doubt that the research had benefited 


not only the aeronautical industry, but many other industries as well. | The 
authors had not dealt with the testing of adhesives with a view to ascertaining 
their waterproofing, heat-resisting and fungoid-resisting properties. Such 


questions as those were perhaps not strictly within the scope of the title of the 
paper, but those points were of very great importance in adhesives utilised 
for aircraft construction. The authors had referred specifically to a certain test 
with hide glue, and it would be interesting to know exactly what they had meant 
by that—whether they had meant to imply that hide glue was for that particular 
purpose the best and that they recommended it. He believed that before aircraft 
were used to any extent it was generally considered that the best glue was that 
made from the clippings of the ears, face and hide of cows. The value of 
unifying testing procedure had been indicated very clearly, but, at the same 
time, it seemed very difficult to obtain unified results, in spite of all the care 
that had been taken. He suggested that much benefit would accrue if the 
authors were. given the opportunity to prepare a further paper dealing more 
with the details of the question from the point of view of the properties of various 
adhesives and their application to aircraft construction. 

Mr. Pye (Deputy Director of Scientific Research, Air Ministry): As_ the 
result of their work the authors had been able to introduce a certain degree of 
order and certainty into a subject which, at the time they had first attacked it, 
was in a rather chaotic condition. It seemed to him sometimes that aeronautical 
engineering was rather like a selfish old bachelor uncle, who was a great 
nuisance because he always wanted something a little better than the best, but 
who, every now and again, left a handsome legacy. As had been rather sug- 
gested by the President, the paper by Mr. Douglas and Miss Pettifor was one 
of the handsome legacies, because it was fairly certain that, but for the demand 
for a high and uniform quality in adhesives used for aircraft, as in all other 
aircraft materials, the work described in the paper would not have been under- 
taken. This investigation, like many others, had its origin in the war period, 
when the need for good adhesives was acute. He had heard it said that we had 
unloaded many tons of fish offal on the French during the war, in order to give 
them the benefit of selling it back to us in the form of glue at a profit of 800 
or goo per cent. Be that as it may, however, at the close of the war the 
Department of Scientific and Industrial Research had realised the importance 
to all users of adhesives of obtaining some certain and repeatable conditions for 
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the testing of such materials. Mr. Douglas had the necessary experience to 
«cnable him to supervise work of this kind, and it was due to the Department 
of Scientific and Industrial Research that Miss Pettifor had undertaken the 
work at Farnborough in association with Mr. Douglas—and a very happy 
association it had been. In spite of what the President had said, continued 
Mr. Pye, it must be admitted that just as this work on the testing of adhesives 
was nearing completion the aircraft industry was growing out of its dependence 
on adhesives. Other products, however, such as furniture, developed less 
rapidly than aircraft, and whether or not, in the next few years, the aircraft 
industry would emancipate itself from a dependence upon adhesives, there was 
no question whatever that work of the kind described in the paper would remain 
of first-rate importance to a wide range of industries. 

Mr. C. J. Crapiix (Officer in Charge of Timber Mechanics at the Forest 
Products Research Laboratory) : His own work on the testing of adhesives, so 
far as it had gone, had been conducted from the point of view of forest products 
research, so that it was concerned with the strength of the glued timber joint 
rather than the strength of the glue. The method of approach, therefore, was 
rather different from that of the authors. The figure the authors had given, 
relating the density of the varicus timbers with the glued joint strength, would 
apply directly to forest products research in finding the optimum condition of 
the glued timber joint in making up such things as furniture. Most of those 
who had carried out tests on adhesives would appreciate the very narrow area 
of dispersion obtained in the results. Mr. Douglas had remarked that the 
engineer would consider a variation of +7.3 per cent. to be a very wide one ; 
that might he so, but anyone who had carried out tests on adhesives would 
appreciate to what a great extent control was necessary if such a degree of 
accuracy were to be attained in this work. He himself would have liked to have 
been able to say that he had attained anything like that degree of accuracy. 
Mr. Chaplin put a number of questions to the authors. In the first place, he 
asked if the degree of seasoning with reference to the moisture content at the 
time of gluing had a sufficiently great influence on the strength of the glued 
joint to require a definite figure for moisture content being specified in’ the 
procedure. Secondly, he asked if any work had been cone upon glued joints 
with a view to determining the influence of changes in moisture content after 
gluing. Thirdly, had the experimental work, using beech as the standard timber 
for testing glue, led to the determination of an average minimum density for 
beech which would ensure the failure taking plaec principally in the glue, and 
could limits be specified for the allowable variations in rate of growth of the 
standard timber? Finally, he said great stress had been laid upon the influence 
of the melting temperature for hide glues, and also upon the temperature at 
which the glue was kept until it was used in jointing. Had any work been done 
that would confirm the importance of this point in the procedure, and, if so, 
could limiting maxiium temperatures be specified ? 

Mr. Drew: A colleague and himself had been carrying out work of the 
type described in the paper, and had found it extremely difficult, demanding a 
great deal of patience and ingenuity. They had not yet made up their minds 
as to the relative superiority of the authors’ method over the old standard 
method. With regard to the theoretical aspect of the work, he said the authors’ 
photographs showing how the glue entered the pores of the wood, and how the 
joints were broken, were of great interest and importance to those who, like 
himself, were engaged in research on glues and gelatines. He hoped the error 
of 7.3 per cent. mentioned in the paper would be further reduced in the future, 
because in commerce the actual figure obtained was often made the basis of a 
specification, and in any specification an error of 7.3 per cent. was a large one. 

Mr. G. G. Sirn (Aeronautical Inspection Department, Air Ministry): He 
was not at all sure that the selection of beech instead of walnut for the tests 
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had proved to be altogether an advantage. At the same time, the tests were 
were very interesting, and would be particularly valuable if they led to the 
adoption of some standard of timber. 


Dr. R. C. Farmer (Woolwich): A point which must have impressed both 
the authors and their audience was that such a large residual error existed, even 
after the most elaborate precautions had been taken to equalise all the conditions 
that could be foreseen. This was not surprising, however, when one considered 
the variations which must inevitably exist in the grain of the wood, inthe 
method of application, and so on. Improvement must be sought, he suggested, 
in the direction of finding some of the remaining conditions that affected the 
strength of the joint. It was difficult to make any useful suggestion in_ this 
connection, but he asked Mr. Douglas whether, in the examination of the 
fractured test pieces, any difference could be observed between those in a series 
which had given the lowest strength test results, and those which had given 
the highest strength test results; and whether, by examining the fractured test 
pieces, possibly with the aid of stains, it was possible to sort them out and 
place them in order, corresponding to the order of strength they had actually 
shown in the tests. This would be only a qualitative test, it is true, but if we 
could arrive at even the beginning of a qualitative test, it might enable us to 
get something in the nature of a range of standard pieces for comparison, so 
that we might be able to say that certain pieces had given satisfactory fractures, 
whilst others showed signs of defectiveness ; possibly we might be able to arrive 
at a correction which could be applied to compensate in some degree for faulty 
fractures. Whilst he appreciated fully the large amount of work the authors 
had done with a view to reducing the error, he said that one could not feel 
satisfied with a state of affairs involving a probable error of +7.3 per cent., 
and he hoped that further work would lead to the elucidation of the factors 
on which the residual errors depended. 

Mr. Love: He asked for amplification of the author’s statement that the 
thickness of the glue film in the joint bore little relation to the strength of the 
joint. Was there any evidence as to what was the limiting thickness below 
which a joint became starved ? 

He also asked if the joint strength had been tested with hardwoods such as 
Cairn’s Hickory after the oils or waxes had been extracted. 

With regard to the process of double glueing in which the first coating 
of glue was applied to the surfaces and the surplus scraped off, he asked if 
increased strength was observed if the scraping was omitted. It might be, 
lie said, that the second coat compensated to some extent for the glue shrinkage 
in the cavities. 

Finally he asked why the authors stated in Appendix III. that wedge grips 
should not be used in the testing machine for testing glue joints. 

Dr. Mrrcnrtt: In none of the tests described had the authors employed 
a pull normal to the surface. The type of test he had in mind was to glue 
small blocks of wood of, say, 1in. square, on to other pieces of wood, the grain 
running parallel, and simply to pull the surfaces apart. Probably timber failure 
would arise in that case, but he asked if that were so. 

Mr. Wa. C. Chote: He was much impressed by the enormous amount 
of work which had to be done, and the very large number of test pieces which 
had to be produced and tested, to obtain even a little information. He did not 
wish to imply that the authors’ results were of little value, but simply. to 
emphasise the care and patience which must be applied to work of this kind. 
He added that he was engaged on work which had for its object the elimination 
of timber and glue from aircraft, so that perhaps the paper did not appeal to 
him in quite the same way as it did to others. 


I 
a 
I 

| 

\ 
J 

( 


we 


THE TESTING OF ADHESIVES FOR TIMBER }2: 


Mr. Downes: He asked whether the authors had found, when testing joints 
made with any one adhesive, that sometimes one glued joint in a set of six had 
a particularly high or a particularly low tensile strength. In his own experience 
he had found that, using a glue which gave a tensile strength of approximately 
1100 Ib. per sq. inch, one joint in a set would have a tensile strength of probably 
1300 or 1400 Ib. per sq. inch on occasion, whilst on other occasions one joint 
ina set would have a tensile strength of 500 or 600 Ib. per sq. inch, there being 
no apparent reason for the discrepancies. He asked if the authors could say 
why that variation occurred. He also asked how far the results were influenced 
by the personal element, and whether the authors had found that two operators 
who were more or less experienced in the making up of joints would obtain 
joints with approximately the same mean tensile strengths, using the same 
adhesive. He himself had found that very often two men who were quite 
experienced in the making up of jomts would produce joints the mean tensile 
strengths of which varied considerably, although both had used the same 
adhesive. 

Mr. Capon: It was important to remember that the work the authors were 
asked to do was circumscribed; they were given instructions to do avery 
definite job, 7.e., to devise a test of glued joints, and not to carry out research 


on adhesives. They might therefore consider that some of the questions asked 
were outside their terms of reference. He asked—although appreciating that 


his question was possibly outside their terms of reference—how far they con- 
sidered their test to be representative, f.e., 1f they were testing with three glues, 
\, B and ©, which gave results in the order \, B and © in their standard test, 
might they give results in the order C, B and \ in a particular form of joint ? 
He also asked how far the test enabled one to ascertain the value of glue for 
the manufacture of three-ply, which, he supposed, was one of its main applica- 
tions. 

Mr. Grey: The probable error of +7.3 per cent. in the results obtained 
had been seized upon by many speakers as an outstanding point. From the 
point of view of testing an adhesive, of course, it was important to get as near 
as possible to a precise figure, but from the point of view of the practical 
application of the adhesive it was much more important to know whether one 
was going to get anything like the figure at all. Very careful work was done 
on the research side, but when the three-ply, or whatever the product, was put 
on to the machine, it was found, not that there was an error of +7.3 per ‘cent., 
but that the strength of the material was about 7.3 per cent. of what it was 
supposed to be. 

Mr. P. i. Prerrivor: Referring to the effects of different types of joints on 
adhesive tests, e asked the authors if they considered that a giue that proved 
suitable for a buct side joint would be equally suitable for a Linderman joint. 

Mr. R. C. Taytor (communicated): The authors have chosen the lap joint 
as being the most suitable for general test purposes. The end-grain butt joint, 
however, would appear to be the theoretically correct joint for testing the 
adhesive properties of a cement, as the load is applied in such a manner as to 
directly pull the cement apart from the material to which it adheres; whereas 
in the lap-jointed specimen, the load imposed is largely a shear load on the 
cement combined with a certain amount of tension due to the distortion of the 
specimen. The fact that the end-grain joint is more sensitive to the varying 
conditions obtaining during the glueing-up operations is, in the writer's opinion, 
a point in its favour, as the object of adhesive testing is ‘to obtain adhesives 
which will give the most satisfactory and consistent results in every-day use. 
It is desirable, therefore, that the test should be severe on the sensitivity of the 
adhesive to the varying conditions obtaining at the time of glueing-up. 
Further, it is Jess expensive to turn test pieces to given’ dimensions 
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than it is to make rectangular ‘hapes accurately. However, end-grain butt 
joints require considerable care iff) );00d joint is to be made; whereas good lap 
joints can be made by any average operator, with comparative ease. The lap 
joint shou'd, therefore, give more consistent and reliable results. This reason 
would appear to provide the deciding factor in warranting the adoption of the 
lap joint as the standard for adhesive testing. Further, lap-jointed test pieces 
in which the glue is subjected to shear, more closely approximate to the con- 
ditions under which adhesives are generally used in aircraft construction. 

One is glad to note that the authors have found beech to be a_ suitable 
timber for the purpose of testing adhesives, as in view of the high cost of 
walnut and the difficulty of obtaining uniform kinds, the writer carried out some 
tests, as the result of which beech was selected as a suitable alternative for 
walnut. 

In view of the variation in the density of timber, with the consequent 
disparity in the number and size of the wood pores, he would like to ask the 
authors to what extent they have considered other materials with a view to 
discovering one which would prove a more uniform medium for testing the 
adhesive properties of cement, for use with timber. 

With such a well-prepared paper, one cannot help but feel, like Oliver 
Twist, that one desires more, and it is regretted the authors have limited them- 


selves to tension and shear tests. There is manifestly no advantage in securing 
adhesives with considerable tensile and shear strength, if this strength is not 
maintained under all conditions. ‘There is an urgent demand for conclusive 


methods of testing the brittleness of adhesives and their resistance to water, 
dry heat and chemical decomposition. It is suggested that if the authors 
had not already investigated these properties, they would provide an excellent 
field for their further research, the results of which would form a 


very 
welcome contribution to this subject. 


RepLy To Discussion 


Mr. Doveias: Dealing with the President's request for information on 
tests to determine the resistance of adhesives to water, heat and fungoid growths, 
he said those matters were to some extent outside the terms of reference, but 
he had included in the Appendix some particulars of a simple test for deter- 
mining the water-resisting properties. The test had been developed in order to 
answer a specific question put Ly the Air Ministry and, as it had worked nicely, 
he had included it in the Appendix. It was not safe to recommend any form 
of test without due consideration, but this test might be of use. He believed 
that a test which was suitable for application at one temperature was probably 
fairly suitable at other temperatures. The authors had no information to give 
with regard to tests to determine resistance to fungoid growths; such growths 
were very serious, in that they affected the strength of the joints, but the 
investigation of the fungoid-resisting properties of adhesives was a matter for 
the bacteriologist and botanist rather than for the mechanical engineer. With 
‘regard to hide glue, he said it must not be assumed that the authors were 
recommending it above all others. He believed it was generally admitted that 
good hide glue was about as strong an adhesive as one was likely to get, and 
for this reason hide glue had been extensively used in this investigation. They 
could not guarantee that one adhesive would give the same results as all others, 
and therefore it was necessary to mention the type of adhesive used in each case. 


Replying to Mr. Chaplin’s question with regard to the influence of moisture 
content at the time of glueing, and the specification of moisture content in 
timber used for standard tests, he said the authors had no systematic informa 
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tion on that subject. They had endeavoured ‘* all their work to use timber the 
moisture content of which was within rea Ye limits for ordinary air-dried 
timber, i.c., between 13 and 17 per cent. He could not say definitely whether 
an increase of moisture content from 13 to 17 per cent. would make a_ notice- 
able difference in the test results, but he felt fairly sure that variations within 
those limits would not matter very much, and he doubted the necessity for a 
hard and fast specification. An enormous amount of work remained to be done 
in order to provide answers to many question of that kind, but he felt sure that 
many of those questions would be answered now that the research laboratory 
at Princes Risborough was in full swing. With regard to the influence of 
change of moisture content after gluing, again the authors had no systematic 
information, though they could make conjectures. The timber immediately in 
contact with the glue was probably saturated shortly after the application of 
the glue. Presumably there was an excess of moisture from the glue, and that 
moisture was diffused through the timber by different mechanisms, so that there 
was a gradient of moisture content from the glued joint down into the timber. 
if the timber joint were left standing for a sufficient length of time, an equili- 
brium condition for moisture content would be reached, and the authors had 
aimed generally at a reasonable approach to that equilibrium before making 
mechanical tests on the joints. If, on the other hand, the timber were allowed 
to get damp during the conditioning period, presumably the gradient would be 
altered, and he believed the chief effect of that would be to alter the time which 
must elapse before equilibrium was reached. Probably the effect would be small, 
however. With regard to the determination of an average minimum density for 
beech which would ensure failure taking place principally in the glue, he said 
Miss Pettifor’s general experience had suggested that if the gross density of 
beech were below 4o lb. per cu. ft., the test piece would probably break in the 
wrong place, i.e., it would break entirely away from the joint. They suggested 
42 Ib. per cu. ft. as a suitable minimum density figure for beech. As to the 
specification of limits for the allowable variation in rate of growth between the 
density of different parts of the annual ring, he said he did not think one could, 
or need, do so. One could not easily guarantee, for instance, that the spring 
wood or summer wood would come to the surface just where the joint was, and 
for that reason the authors had ruled out ash. There was a great difference 
in density and porosity as between the spring and summer wood in ash, so that 
with this timber the whole of the test surface might happen to be either hard 
wood or soft wood, and there would be great variations in the test results, 
since the joint was chiefly affected by the surface of the timber. In beech there 
Was not a great difference in density as between the spring and summer wood, 
so that there was less likelihood of variations from that cause. With regard 
to the temperature of hide glues, he said that was another matter which was 
rather outside the authors’ terms of reference, and which should be determined 
by the manufacturers of the adhesives. The authors had tried to avoid heating 
their adhesives above a temperature of 60 deg. C. They had carried out some 
experiments with the energy absorption test, in which they had heated high 
grade hide glue for long periods to a temperature of something like 83 deg. C., 
and had found that there was a very marked deterioration of the solution. 


Replying to Dr. Farmer’s question as to whether there were large differences 
in the appearance of fractured joints which had exhibited high joint strength 
and those which had exhibited low joint strength, he said that in defective joints 
after fracture one could sometimes see a glistening surface, indicating the 
presence of an air bubble in the joint, and could sometimes detect cases in which 
the spreading or the mixing of the adhesive had been irregular. Apart from 
gross defects of that nature, however, the authors had been unable to detect 
definite differences between joints which had exhibited high joint strength and 
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those which had exhibited low joint strength. The fractures in both cases 
frequently appeared to be normal. The technique of the microscopic examina- 
tion of glued surfaces was very difficult. The authors had done a good deal of 
work in a more or less amateur way in regard to staining, but it is difficult to 
stain things in bulk, because whatever stain one used tended to run into the 
timber. It was difficult also to get differential staining, using first one stain 
and then another. On account of the difficulty of washing stain out of the deeper 
parts of the wood, the usual methods of staining had not given very good 
results. The examination of the surfaces without using stains was also difficult, 
because both the timber cell walls and the glue were transparent, and one was 
not sure whether one was looking at a piece of glue or at a piece of timber. 


Dealing with Mr. Love’s reference to the statement that the thickness of 
the glue film in the joint bore little relation to the strength of the joint, he pointed 
out that that statement related only to end-grain joints in timber. The question 
as to how the thickness of an adhesive affected the strength of a joint was a 
somewhat controversial one. The considerations affecting the strength of a 
joint between, say, polished metal surfaces did not apply necessarily to the joint 
between two very irregular surfaces of a porous material such as wood. One 
could see from the types of fractures shown in the authors’ photographs that 
there was no apparent reason why the thickness of the film should affect the 
strength of the joint, provided there was a sufficiency of adhesive present. When 
the glue was setting and contracting, the little pillars of glue in the pores of 
the wood presumably drew on the supply of glue in the joint; at the time the 
pillars were setting, the glue in the joint was still probably somewhat liquid 
and, provided there was glue available, it would relieve the strains and increase 
the cross-sectional area of the glue in the pores. If there were an insufficient 
quantity of glue, so that there was no surplus to draw on, discontinuities would 
probably be left in the glue in the joint, or there might be conditions of great 
permanent strain. Either of these factors would lessen the tensile strength of 
the joint. He could not say whether the same argument applied to side-grain 
joints, but it was conceivable that it did. With regard to the results obtained 
with timbers such as Cairn’s hickory after the oil had been removed, he said 
the authors had caried out a considerable number of tests on the heavy timbers, 
using different methods of chemical de-greasing, and the results were interesting, 
though not very regular. Some of the methods had apparently affected the 
strength of the timber surface in addition to removing the greasy deposits or 
constituents, but in @eneral, where the grease had been removed, the strength 
of the joints with dense timbers had been raised considerably. With regard 
to double gluing, he said that almost any method of double gluing on the 
end-grain appeared to improve the joints. If cut end-grain surfaces were glued 
and allowed to set, and the surplus then scraped off, the glue applied subse- 
quently did not penetrate so far, and a good joint resulted. With regard to 
wedge grips, he said they did not grip at all until something slipped; either the 
timber slipped in the grips or the grips slipped in the machine, so that the load 
applied to the joint was eccentric and not axial. They seldom used wedge grips 
for anv form of mechanical test where there was any possibility of non-axial 
load affecting the results. 

He agreed with Dr. Mitchell that the application of a normal pull on side- 
grain joints would result in timber failure, and he exhibited a cantilever test 
piece which had been subjected to a pull normal to the side grain and which 
had failed through cross-grain tension. 


Commenting on Mr. Clothier’s reference to the disappointments in this type 
of research, he said that not all researches had a large number of plums in them. 
Some of them led to lemons, and there was a very large number of lemons in 
this particular type of research, 
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He agreed with Mr. Downes that occasionally joints would exhibit par- 
ticularly high or particularly low strength values, and he suggested that the 
theory of probabilities accounted for that. The curves given at the end of the 
paper were, so far as he knew, the only probability curves which had been 
published for glue tests carried out more or less under the same conditions. It 
was very seldom that one could carry out a very large number of glue tests 
under the same conditions, or at least, under the same conditions so far as one 
could control them, using an adhesive which was at least nominally the same 
throughout the tests. It was interesting to note that the authors’ curve approxi- 
mated reasonably closely to the normal Bessel’s curve. When a large number 
of tests were carried out one did occasionally obtain very high and very low 
tensile figures. For instance, a beech joint (exhibited on the lecture table) had 
failed at 1,985 lb. per sq. inch, and that was a reasonably high figure. Along- 
side it, however, there was a joint of similar appearance which had failed at 
1,485 lb. per sq. inch. It would be interesting to make a thorough examination 
of such joints, with a view to discovering the cause of the discrepancy. When 
referring to the influence of the personal element, Mr, Downs had in mind pre- 
sumably the application of the glue and the making of the test piece. He him- 
self was interested chiefly in the personal element so far as it affected the 
making of the test. The decision as to the instant at which the glued joints 
should be put together was a matter for the manufacturer of the adhesive, 
because it depended upon the properties of the adhesive, and it seemed to him 
that it was up to the glue manufacturers to give sufficiently clear instructions te 
reduce the personal clement in the application of the glue. 

Mr. Capon had pointed out that the ability to place a set of glues in the 
order indicating the relative degree of satisfaction they would give in service 
was important. That was one of the things the authors had considered very 
seriously before deciding on any test, and it was one of the reasons why they 
had rejected the end-grain joint as a general test piece. The test they had 
suggested was probably as good as one could get for that purpose, but one could 
not evolve any single test which would place adhesives definitely in the order 
indicating the relative degree of satisfaction they would give for all purposes. 
The adhesives used in the manufacture of three-ply must have certain properties, 
as, for instance, ease of spreading, and so on, whereas those particular pro- 
perties were not so important in the manufacture of a rib for aircraft, in which 
very small pieces had to be fastened together. In a set of adhesives, one might 
be of no use for three-ply manufacture, another might be of a medium class for 
this purpose, and another might be very good, whereas they might all be of 
equal merit for making ribs. It was impossible, therefore, to evolve a single 
test to satisfy all conditions. 

Replying to Mr. Pettifor’s question as to whether the Linderman joint was 
stronger than a plain butt joint, he said it was easy to make test pieces with 
serrated joints, which would break in the timber rather than in the joint. In 
general, with increased surface, there was increased strength in the joint. The 
authors did not aim to produce test pieces which would stand the biggest load ; 
they wanted test pieces in which the joints would break, and which would be 
the easiest to make, so that they had not considered the relative claims of 
different types of deeply serrated joints. 

In reply to Mr. R. C. Taylor (communicated), the authors are glad to note 
Mr. Taylor’s agreement with several of their conclusions. 

The use of materials which might act as substitutes for timber in test joints 
has been extensively considered and the authors have had the benefit of valuable 
suggestions and advice on this subject from many sources. 


A fundamental difficulty is that the nature of adhesive action is not yer 
understood and it is still controversial as to whether the adhesion in a wood 
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joint is due to mechanical interlock or to ‘‘ specific adhesion *’ of the cement to 
the surface of the timber cell walls. It is therefore uncertain whether the action 
of timber in a joint could be best reproduced by using a porous inorganic 
material which would provide simple mechanical interlock or some colloidal 
gelatine or solid which would provide a surface for specific adhesion. The solu- 
tion to this problem has not yet been found. 


The Presipent: In proposing a hearty vote of thanks be accorded the 
authors for their paper, and for the trouble they had taken to bring apparatus 
to the meeting in order to demonstrate the carrying out of the tests, he said he 
had just returned from Germany, where he had had the opportunity of talking 
to members of the society which performed in that country functions similar to 
those performed here by the Royal Aeronautical Society ; he had been told that 
the German body was particularly interested in some of the papers to be 
presented to the British Society this session, and that one of them was the 
paper by Mr. Douglas and Miss Pettifor. That was strange, in a sense, because, 
after all, the bulk of the aircraft in Germany had metal structures, and in many 
cases they were metal covered. Attention was being paid to adhesives for 
timber, however, because at every university in Germany there was a technical 
section, wherein gliders were being constructed. At the German gliding school 
on the Wassekuppe there were in the summer about 800 students, with about 
go gliders. Most of the machines were extraordinarily beautiful examples of a 
wooden structure, the material used being mainly plywood. The authors of the 
paper, he felt sure, would be interested to know that they had an audience not 
only in this country, but also abroad. 
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ABSTRACTS AND NOTICES FROM THE SCIENTIFIC AND 
TECHNICAL PRESS 


Issued by the Directorates of Scientific Research and Technical Development 
(Preparep py 
No. 7 (November, 1928) 


AIRCRAFT ENGINES, FUELS AND LUBRICANTS 
Fuels 


Possible Developments in Engine’ Fuels. Ostwaid, Der Motorwagen, 
XXX., 20/10/27, p. 628.) (7711 Germany.) 

The author reviews the various fuels at present in use. The Bergius and 
Fischer processes for producing synthetic fuels are mentioned. Producer gas 
directly produced from suitable coal appears to be a possible development for 
commercial vehicles. 

Attention is called to a mixture of methyl alcohol and benzene much used 
on the Continent as a racing fuel. 


Some Autowidation Reactions of Petrols. (A, Graetz, Ann. off. nat, comb. 
liquides 3, 69-76 (1928), abstr. in Chem, Abstr., XXII., 10/7/28, p. 2459-) 
(9247 France.) 

From a brief critical review of work on the subject it is concluded that :— 
(1) before any thermal dissociation reaction occurs there is autoxidation of the 
petrol which takes place mainly in the liquid phase at an optimum temperature 
of 120-160°; (2) the most readily autoxidisable hydrocarbons are the C,H, hydro- 
carbons, the autoxidation of which can take place in two different ways to give 
either unstable and detonating compounds or stable compounds. The presence 
of a fairly large proportion of C,H, hydrocarbons in petrol thus causes a more 
regular autoxidation of the paraffin hydrocarbons and leads to more stable or 
more easily hydrolysed products. Similarly, the anti-knock properties of terpenes 
are attributable to their regulation of autoxidation to produce more stable 
products; (3) the anti-knock properties of aromatic hydrocarbons are due to 
the stability of the peroxides which they form, but this stability renders them 
less suitable as catalysers in the autoxidation of the paraffins. They can combine 
directly with compounds containing double bonds, and act as re-agents, rather 
than as catalysers, and the oxides which they form are very easily hydrolysed. 
In order to produce a beneficial effect they must therefore be present in large 
proportions in petrol (50 per cent. and over) ; (4) ketones and aldehydes (par- 
ticularly cyclohexanone and menthone) behave like C,H, hydrocarbons; (5) the 
chief factors which destroy the peroxides formed by autoxidation are hydrolysa- 

tion by H,O and decomposition by high temperature. 


The Blumner Cracking Process. (Ind. & Eng. Chem., XX., 10/7/28, p. 6.) 
(9248 U.S.A.) 

The process consists in the main of pumping crude oil under pressure into 
an autoclave filled with molten lead, pressures of the order of 35-40 atmospheres 
being employed. An experimental plant has been set up near Berlin and it is 
claimed that the process is cheaper in operation and safer in handling than any 
other. 
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The Composition of Benzol from Carburetted Water-Gaus. (W. O. Voss, J. Soc. 
Chem. Ind., 23/9/27, p. 373-) (76028 U.S.A.) 

The experiments described were carried out in the laboratories of the 
Gas Light and Coke Co. 

Benzol derived from carburetted water-gas under correctly controiled con- 
ditions does not contain a large quantity of paraffin. It differs from coal-gas 
benzol in containing a larger proportion of unsaturated compounds which are 
difficult to remove. With adequate washing and distillation satisfactory benzol 
with high toluene content was obtained. 


2 Lubricants 
The Influence of Pressure on the Viscosity of Oil. (S. Kiessklat, Phys. Ber., 
Vill., 1/11/27, p. 1950, F.V.D.1., No, 2091.) (7723 Germany.) 

The experiments were carried out in the Technical High School of Narls- 
ruhe, the pressure range was from 100 to 1,000 atmospheres and the temperature 
range between 20 and 80°C. ‘The viscosity shows an increase with pressure 
which at room temperature may be of the order of six to twelve times between 
100 and 1,000 atmospheres. At higher temperatures the effect of pressure is 
diminished. 


Detrimental Properties of Lubricants in Use. (EF. Frank and H. Selberg, Erdol 
u. Teer, IV., 1928, pp. 215-217, abstr. in Chem. Abstr., XXII., 1928, 
p. 2400.) (9249 Germany.) 

It is contended that the method advanced by Hackford (‘‘ Engineering and 
Boiler House Review,’’ September, 1926, p. 152) is substantially the method of 
Haslam and Frohlich (‘*‘ Chem. Abstr., NXI., p. 1345), according to which O, 
is passed through a large sample of the oil at 130-140°C. and the increasing 
acidity is determined at intervals. Hackford's results are not considered trust- 
worthy and the authors have repeated the experiments. A number of oils of 
American and Russian origin were tested at 160°C., the increased acidity being 
determined after nine hours. The superiority of the Russian napthenic oils was 
clearly demonstrated. 


3 Thermodynamical Investigations: Dopes and Detonation 
Detonation Theories in U.S.A. (Ind. & Eng. Chem., XITX., Oct., 1927, p. 1077.) 
(7648 U.S.A.) 

Fuel research receives special attention in the United States, and in this 
brief review of a year’s progress considerable space is given to detonation 
theories. It is stated that no universally valid theory has yet been advanced, 
although such powerful methods as ultra-violet spectroscopy, analysis of the gas 
mixture in the cylinder and experiments with pure fuel have been applied. 
surprising result of the work has been the discovery that pure straight chain 
hydrocarbons of the type supposed to be the principal constituent of petrol 
caused much more violent knocking than petrol itself. On the other hand, some 
of the isomeric branch chain hydrocarbons of approximately the same boiling 
point act as powerful knock preventers. 

It would thus seem that the accepted theory that petrol is made up of 
straight chain hydrocarbons is erroneous. 


Liquid Fuels for Internal Combustion Engines. (B.P. 277326, 
Avenarius, abstr. in Chem. <Abstr., XXII., 1928, 
Germany.) 

Petrol or similar fuels are treated with 


anti-knocking *’ agents comprising 


higher fatty acids or corresponding — esters, aldehydes, ketones, lactones, 
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anhydrides or other derivatives which may be treated with halogens, nitrogen, 
oxygen or ozone or their mixtures, e.g., there may be added o.5 per cent. of liver 
or castor oil, triolein or ethyl or methyl! oleate. 


lonisation Methane-Oxygen and Acetylene-Oxygen  Eaplosions., W. 
Saunders, Trans. Farad. Soc., XXIII., 1927, p. 256, abstr. in Fuel in 
Sc. & Prac., VI., Oct., 1927, p. 476.) (7650 Great Britain.) 

From a study of the ionisation during the explosion of mixtures of methane 
and oxygen, and of acetylene and oxygen, it is shown that the maximum electrical 
conductivity occurs when the hydrogen is burnt to water and the carbon to 
carbon dioxide in the case of the former mixtures and when the hydrogen 
is burnt to water and the carbon to carbon monoxide in the latter. The addition 
of 7o per cent. of nitrogen to the acetylene-oxygen mixtures lowers the maximum 
temperature of explosion sufficiently for the combustion of carbon monoxide to 
carbon dioxide in the mixtures giving the greatest electrical conductivity. The 
conclusion previously reached, that ionisation is a thermal and not a chemical 
effect, was confirmed, and it was shown that there is probably no connection 
between ionisation during explosion and the ignition temperature of the initial 
gaseous mixture. 


Tonisation Potential of Methane. (E. Pietsch and G. Wilcke, Z.f. Physik, 
NOME. 1927, p. 342, and Z. Phys. Cheny., 1926, p. 127, abstr. 
in Fuel in Sc. & Prac., VI., Oct., 1927, p. 476.) (7649 Germany.) 

The authors have found by experiment the ionisation potential of methane 
to be 14.6 volts, which is in agreement with the value of 15 to 16 previously 
obtained by calculation from the heat of diss: ciation of methane. The heat of 
dissociation of the hydrogen molecule was calculated from the results, and 
found to be 106.7 large calories in agreement with Bodenstein and Jung. 


Jonisation in Explosion of Carbon Monowide and Oxygen. (S. W. Saunders and 
K. Sato, Trans. Farad. Soc., XXIII., 1927, p. 248, abstr. in Fuel in Sc. 
& Prac., VI., Oct., 1927. p. 476.) (7051 Great Britain.) 

A study of the electrical conductivity of mixtures of dry carbon monoxide 
and oxygen exploded in a spherical bomb of two litres capacity confirms the view 
that ionisation in gaseous explosions is mainly thermal in character. The 
addition of hydrogen or water to dry carbon monoxide and oxygen mixtures 
increases the ionisation produced during the explosion. The conductivity of the 
gases produced during the explosion of these mixtures changes in a manner 
analogous to the velocity of propagation of the explosion wave. The duration 
of the ionisation in the explosion of dry carbon monoxide-oxygen mixtures is 
much greater than for the moist gases, this being in agreement with the slow 
development of pressure which occurs in explosions of dry carbon monoxide 
and oxygen in closed vessels. 


lonisation in. Flames of Various Organic Substances. (J. A. J. Bennett, Trans. 
Faraday Soc., XXIII., July, 1927, pp. 307-311, abstr. in Sc. Abstr., 
XXX., 3509, 25/11/27, p. 818.) (7863 Great Britain.) 

Experiments are made to determine the correlation, if any, between the 
degree of ionisation of various subs’ances in flames and the amount of detona- 
tion in an engine cylinder charged with fuels containing these substances. 
Flames of coal-gas, hexane, ether, alcohol, acetone, etc., are studied, and the 
effects of the introduction of a large number of substances, including carbonyls, 
organic oxides, halogens, and halogen compounds, organic nitrogen compounds 
and aldehydes, are noted. The tabulated results show that although contrary to 
the views of Wendt and Grimms, Charach, Mack and Boord, many “ knock- 
inducers ’’ increase and ‘‘ anti-knocks ’’ decrease the ionisation of flames, this 


an 
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is not generally so. It is concluded that although ionisation accompanies 
detonation, as it does all flame phenomena, there is no simple relationship 
between thera, and that ionisation is neither a cause nor an effect of detonation, 
but is mainly a temperature ‘fect. 


Experimental Studies on the Effect of Ethyl Gasoline and its Combustion 
Products. (R. R. Sayers, A. C. Fieldner, W. P. Yant and B. G. H. 
Thomas, Bureau of Mines, U.S.A. Ann. Rep., 1927, p. 447, abstr. in 
Chem. Abstr., XXII., 1928, p. 160.) (7857 U.S.A.) 

The investigation is divided into three parts—the physical effects of exhaust 
gases from engines using ethyl gasoline, the effects of inhaled ethyl gasoline 
vapour, and the effect of ethyl gas when absorbed through the skin. The danger 
zone for concentration of lead dust was found to lie between .14 and 1.4 mg. 
per cubic metre of air. The skin absorption experiments showed that a daily 
dose of one cubic cm. causes a distinct storage of lead which could be decreased 
somewhat by washing with kerosene and soap within five minutes after applica- 
tion. 


4 Heavy Oil Engines 
High Grade Cast Tron Suitable for Diesel Engine Cylinders. | (Dr. Schulz, 
Motorwagen, XXX., 20/10/27, p. 625.) (7712 Germany.) 
Messrs. Sulzer have perfected a close grain product containing a large 
percentage of perlite, suitable for cylinder liners. Liners of this material show 
only a small fraction of the wear usually exhibited. 


5 Torsional Vibration 


The Angular Distortion of Crankshafts. (C. A, Norman and K. W, Stinson, 
J. Soc. Autom. Eng., XXIII., July, 1928, p. 83.) (9251 U.S.A.) 

Many references are given, both English and German.  <As_ published 
experimental data on deflections are lacking, the authors obtained an engine with 
four crankshafts, having crank-arms with different cross-sections, and measured 
the deflections under static load. 

Deflections in various parts are analysed and compared, and a formula 
developed for the deflection in the long crank-arms. 


6 Mechanical and Heat Losses 
The Calculation of Temperature Stresses in Tubes. (L. H. Barker, Engineering, 
CXXIV., 7/10/27, p. 443-) (7634 Great Britain.) 
The author gives a series of alignment charts giving the values for 

(a) Maximum tangential stress. 
(b) Maximum longitudinal stress. 
(c) Maximum radial stress. 
(d) Tangential stress at the outside radius. 
(ce) Longitudinal stress at the outside radius, 


in terms of the temperature difference across the walls of the tube, the ratio of 
the diameter of the tube and a material constant. 


Combustion Time in the Engine Cylinder and its Effect on Engine Performance. 
(C. F. Marvin, Jr., N.A.C.A. Report, No. 276.) (7887 U.S.A.) 

A theoretical concept of a flame front which is assumed to advance radially 

from the point of ignition is presented, and calculations of the mass rate of com- 

bustion are based on the area and velocity of the flame front. From this rate 
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the mass which has been burned and the pressure at any instant during com- 
bustion are computed. 

This process is then reversed in an effort to determine the actual rates of 
combustion and flame velocities from the pressures as recorded on indicator 
diagrams. 

The effects of different rates of combustion on engine performance are then 
discussed and the importance of proper spark advance is emphasised. 


7 Operation of Engines at High Altitudes 


Effect of Altitudes on the Power of Aero Engines. (Akira Kobayashi, J. Soc. 
Mech. Eng., Tokyo, XXVIII., 1925, abstr. in Jap. J. of Eng., V.) (9252 
Japan. } 

A theory of height-control of carburation is given. Experimental data are 
required on which to base numerical applications of the conclusions. 


Auto-Cooling Engines for High Altitudes. (L. Stipa, IV. International Air Con- 
gress, Rome, Oct., 1927.) (7875 Italy.) 

The author makes a rapid examination of the superchargers, especially 
turbo-type, enumerating their inconveniences; he also deals with the so-called 
enlarged engine whose weight per horse-power would be 50 per cent. over the 
ordinary figure at the height of 6,500 metres, and 150 per cent. at the height 
of 12,000 metres—a very serious disadvantage. He touches on the requisites 
for carburation at high altitudes. 

Drawings and calculations are given of an original design for a six-stroke 
engine with a chamber added to each cylinder. The mixture enters this chamber 
and returns to the cylinder for the second compression. With these two added 
phases regulation of the valve opening at various heights maintains constant 
power from zero to an altitude of 6,500 metres. From the thermal diagrams 
the engine will have a weight greater than normal at zero altitude but less beyond 
a certain altitude. 

The chamber is concentric to the cylinder or even forms a constituent part 
of its jacket in such a manner as to do away with water-cooling, by cooling the 
engine with the mixture that circulates in the chamber. The thermal advantage 
is considerable. 

He considers that the principle of six-strokes and of auto-cooling are of 
decisive importance. 

(Abstractor’s note.—This throws an interesting light on Italian aero engine 
research. ) 


8 Engine Design 


The Idea of the Efficiency of Internal Combustion Engines. (W. T. David, 
Engineering, CXXIV., 16/9/27, p. 371-) (7633 Great Britain.) 

This paper was read before Section G of the British Association at Leeds. 
The author puts forward the view that the specific heats as utilised by Messrs. 
Tizard and Pye are too high and that therefore the ideal efficiency calculated 
by them is too low. The main cause of this discrepancy is the incomplete com- 
bustion of the fuel at the moment of maximum pressure, chemical energy of 
the charge not having been completely converted into thermal energy. Internal 
combustion engines should therefore be still capable of perceptible improvements 
in efficiency. 


4 = 
bet 
4 


134 ABSTRACTS FROM THE SCIENTIFIC & TECHNICAL PRESS 


Kaperimental Research on the Air Flow through Poppet Valves (Japanese). 
(Keikichi Tanaka and Toyoaki Chino, Research Inst., Tokyo Imp. Univ. 
17 (1925), abstr. in Jap. J. of Eng., Vol. V.) (7946 Japan.) 

With water, experimental researches upon this subject have been reported 
by many authorities. With air, however, the only investigation is that of the 
National Advisory Committee for Aeronautics in 1918.* As a problem of airplane 
engine design it is necessary to have more accurate information upon this subject. 

In the present paper, being the first report, the authors describe (1) the 
apparatus of their experiments and the method of measurement of ¢! ir flow 
quantity ; (2) one part of the flow characteristics of the poppet valve, i.c., the 
relation between the valve lift, the pressure drop, the flow quantity and the 
coefficient of efflux; and (3) the comparison of these characteristics of three 
similar valves of different sizes. 

* (Abstractor’s note.-—See F.V.D.1., No. 272; abstract reference No. 
8.7/5885 on page 10 of Abstracts and Notices from the Scientific and Technical 


Press, No. 4.) 


9 Anti-Freezing Compounds 
Anti-Freeze Compounds. (Ind. & Eng. Chem., XIX., Oct., 1927, p. 1119.) 
(7627 U.S.A.) 
The anti-freezing properties of methanol, ether-alcohol, glycerol, ethylene 
gycol are compared. The author favours the use of methanol. An extensive 
bibliography is attached. 


AERODYNAMICS AND HyYDRODYNAMICS 


10 Aeroplane Performance 

Analysis of Aeroplane Performance.—Results and Experiences the Saron 
Meeting. (H. Blenk, Z.F.M., XIX., 14/3/28, pp. 100-105.) (9255 
Germany.) 

From an analysis of the competitive performances, simple empirical formule 
are derived which give the relations between the weight per h.p. engine power 
and total weight between 20 and 500 h.p. The question of handicapping formule 
is raised and a warning is given against the danger of directing development 
along misleading lines. 


J] Aeroplane Stability 
Stability, Trim and Handling of Acroplanes. (M. Roy, Rev. Gen. de l’Aeron., 
No. 8, 1928, pp. 7-124.) (9254 France.) 


Part 1.—A résumé of the experimental constants involved in_ statical 
equilibrium is given and the usual relations—developed for steady flight, under 
power or in a glide. The results are illustrated by metacentric curves. 

Part I1.—The equations of disturbed motion are developed on the usual 


lines and examples are drawn graphically showing the different types of 
instability. 

A table shows how various types of instability arise as the discriminants 
change sign, thus classifying the types of instability. 

Part 111.—TYhe handling of an aeroplane is discussed in its relation to the 
coefficients of stability. The result is put forward that the radius of gyration in 
pitching must lie between two fixed values and must have an optimum value. 
A numerical example is discussed at length. 
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Part I1V.—The effect of atmospheric disturbance on the equilibrium of an 
aircraft is discussed in terms of the stability criteria and of the eftective moment 
of the controls. 

A summary of experimental measurements required in the laboratory is 
given and a scheme of calculations for routine design is added. 

A short bibliography is given. The author succeeds in avoiding reference to 
British work. 


12 Experimental Hydrodynamics 
Kddies Produced by an Obstacle Immersed in a Fluid Stream. (G. Camichel, 
Comp. Rend., CLXAXXIV., 20/6/27.) (7882 France.) 

The stable rows of alternate vortices (obtained mathematically by v. 
Karman) are obtained experimentally by the author with water and with a fluid 
of kinematic viscosity 5.3 times greater. The corresponding stream velocities 
were maintained in the ratio 1: 5.3 and the corresponding periods were found to 
be also in the ratio 5: 3.1, as expected, with a maximum error +3 per cent. 

The linear dimensions were then altered in the ratio 2: 1, and for water it 
was found that when the velocities were in this ratio the periods were in the 
inverse square ratio as expected. Thus Reynolds’ criterion is sufficient in both 
instances. (Benard found Reynolds’ criterion insufficient and v. Karman showed 
that surface tension and gravity were effective for vortices with their ends on 
the free surface on the small geometrical scale used by Benard.) A stroboscopic 
method of observing the angular velocity of vortex rings is described. It is 
based on the reflection of light from aluminium particles in given orientations 
and enables very rapid cycles to be measured. 

The vibration of the cylindrical obstacle is suggested as a criterion of the 
critical velocity of flow, which produces resonance between the natural period 
of the cylinder and the shedding of vortices as observed by Rayleigh and others. 


lnfiuence of Vortices on Resistance of Solids Moving in a Liquid. (W. G. 
Bickley, Proc. Roy. Soc. A., t19, 1/5/28, pp. 146-156.) (9255 Great 
Britain.) 

The author discusses the resistance on a circular cylinder in two dimensions 
due to a system consisting of one or two trailing vortices, in the former case 
with equal and opposite circulation round the cylinder. The author makes a 
point of the fact that until the eddy or eddy pair are carried to a distance, they 
continue to affect the pressure distribution and the resistance. This consideration 
is irrelevant in the case of the v. Karman double row of vortices stretching to a 
distance. It is, however, of some interest in the case of the single eddy detached 
from a rotor under the speciai conditions of Prandtl’s well-known experiment 
where the lift on the rotor approaches its limiting value rapidly but not imme- 
diately, as the detached vortex is carried downstream. The mathematical 
presentation is interesting. 


Application of the Theory of Similarity to Measurements of Flow. (A. Grunwald 
and E. Engel, Z.V.D.1., LXXII., 26/5/28, pp. 699-702.) (9256 Germany.) 
A large number of new experiments on the flow of water and steam through 
pipes of circular section and constant or varying diameter is collected. Four 
parameters are taken into account, the viscosity, the diameter at the point of 
measurement, a nozzle coefficient and the total quantity flowing. 
The results are reduced to curves which are substantially universal, and 
extend and confirm previous work. 
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The Measurement of Pressure Through Tubes in Pressure Distribution Tests. 
(Pp. E. Hemke, N.A.C.A. Report, No. 270.) (9257 U.S.A.) 

Aluminium tubes of 3/16in. inside diameter in lengths from 2oft. to 226ft. 
and pressure maxima from 2in. to r4oin. of water were used. 

Curves are constructed showing the time lag and = pressure’ change. 
Empirical formulas are also given for computing time lag. 

Analysis of pressure-distribution tests made on airplanes in flight shows that 
the recorded pressures are slightly higher than the pressures at the orifice and 
ihat the time lag is negligible. The apparent increase in pressure is usually 
within the experimental error, but in the case of the modern pursuit type of 
airplane the pressure increase may be 5 per cent. For pressure-distribution tests 
on airships the analysis shows that the time lag and pressure change may be 
neglected. 


Measurement of Profile of a Circular Wave of Small Amplitude at the Surface 

of a Liquid. (J. Baurand, Comp. Rend., CLXXXVI., 25/6/28, pp. 1822- 

1823.) (9258 France.) 

In view of the impossibility of obtaining direct photographs as with a 

parallel channel and rectilinear waves, point determinations, in time, are obtained 

by photography of an indicator on the surface and by other methods. The 
accuracy is stated to be within 1/8oth of a millimetre. 


Flow of Water in Rectangular Pipes. (S. J. Davies and C. M. White, Proc. 
Roy. Soc. A., 119, 1/5/28, pp. 92-107.) (9259 Great Britain.) 

The aperture through which the water flows is 2.54 cm. wide, 4 cm. long, 
and from 0.054-0.0618 cm. deep. The conditions of.flow are thus approximately 
two-dimensional. ‘Two critical values were found for each depth, one at which 
instability of laminar flow appears and one at which it disappears. The effect 
of the ‘* entering length "’ is well marked in the wider channels by the premature 
gradual departure of the resistance curves from the straight line representing 
the resistance for steady laminar flow; above transition range the resistance 
curve approximates to that for round pipes. Interesting results due to dis- 
turbances at entry are obtained and discussed. 


The Determination of Profile Resistance in Flight by the Momentum Method. 
(M. Schrenk, 102nd Rep. of the :D.V.I., Berlin, L.L.F., II., Part I., 
18/5/28, pp. 1-32.) (9260 Germany.) 

The measurements were made on full scale, and photographs are given of 
the installation on a Junker monoplane with a low set wing, and a B.M.W. IV. 
engine, model A.20. Two types of pitot tube were used; (1) a Prandtl type with 
spherical head of such a radius that the recorded pressure fell off as the cosine 
of the inclination between 0° and 20°, and (2) the Brabbee tvpe showing no 
inclination effect up to 10° and only a 2 per cent. effect at 20°. 

The hydrodynamical principles involved are discussed and the formule are 
transformed so that the coefficient of resistance is expressed in terms of effective 
head. 

Thirteen different types of wing covering were used and ten different vertical 
positions of the pitot tube. In Figs. 12 to 24 the observed pressure differences 
for the different vertical positions are plotted against the pressure head at infinity 
multiplied by factors corresponding to the relative density and the inclination 


of the pitot head. — After graphical reductions the distribution of pressure 
ditierence over the tail wash is obtained for the corresponding incidence. The 


results are given in Figs. 25-36. The effect of errors of observations is discussed. 
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The final results are given in Table III. and a discussion of the differences is 
given in detail. A bibliography with fifteen references is added. 


New Experiments on the Air Resistance of Spheres. (OQ. Flachzbart, Phys. 
Zeit., XXVIII., 1927, pp. 4601-468.) (6280 Germany.) 
The author assembles a number of experimental results on spheres in Fig. 1 
where the different curves show the same general characteristics but different 
positions of the critical points. 


A general qualitative explanation is attempted with some success on the 


lines of Prandtl’s recent methods. The author’s systematic experiments with 
different types of mounting are given in illustration. It is shown, fairly con- 


clusively that where there is no sharp edge in the model (which would dominate 
the other effects) the type of flow is very sensitive near the critical velocity. In 
particular, any wire or rod upstream reduces the critical velocity and increases 
the final resistance. 

Any attachment to the sphere except at the unavoidable rear dam-point may 
precipitate the breaking of the stream away from the surface. 

Pre-existing turbulence in the stream, caused by grids and otherwise, also 
affects the critical velocity and the resistance. 

On the basis of the last result the author states the Reynolds’ criterion is 
insufficient, which is not a very happy way of saying that flows with and without 
previous disturbance cannot be treated as dynamically similar. 

The author quotes Prandtl’s suggestion that with mounting on a rod at 

55 
the rear dam point a sphere could be used as a criterion of previous turbulence. 
Here again it seems that equality of the critical value of V1/v, though a neces- 
sary condition is very far indeed from being a sufficient criterion of dynamical 
similarity. 


Fluid Resistance to Moving Spheres. (R. G. Lunnon, Procs. Roy. Soc. A., 
CXVIII., A. 780, April, 1928, pp. 68c-694.) (9261 Great Britain.) 

Spheres of bronze, steel and lead were allowed to drop freely in water. 
The coefficients of resistance were obtained for Reynolds’ numbers from 10* up 
to 10°3 and agreed closely with Wieselberger’s results obtained in the Géttingen 
wind tunnel, but less closely with others. 

The general run of the curve shows that a formula of the form AI cannot 
hold over any great range of Reynolds’ numbers up to R=6. 

Systematic observations were further made of the wall effect on fall in tubes 
and the results are given graphically. 

The physical conditions are discussed and the periodic formation and detach- 
ment of vortex rings is suggested as a possible type of motion. Reference is 
made to trailing spiral vortices observed by Ermisch at Aachen. 

The smooth run of the curves is held by the author to excluce any abrupt 
change in the type of fluid motion. 


Transference of Heat between Flowing Water and Pipes. (L. Schiller and Th. 
Burbach, Phys. Zeit., XXIX., 1/6/28, pp. 340-342.) (9262 Germany.) 
Reference is made to the work of Reynolds, Prandt!, G. I. Taylor, v. Karman 
and others in determining the distr‘hbution of mean velocity along a radius. The 
uncertainty of the results 1s pointed out and a mean value selected, leading to 
a semi-empirical equation which is compared with experimental results; the 
agreement is not unsatisfactory. 
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13 Mathematical Hydrodynamics 
(Physical) Homogeneity and Similitude in Aerodynamics. (A. Metral, Rev. 
Gen. de l’Aeron., 8, 1928. pp. 125-204.) (9263 France.) 

A systematic examination is made of Buckingham’s theory of dimensions. 
‘Yhe advantages of non-dimensional variables is pointed out. 

The general principle of replacing a system of differential equations 
involving dimensional physical quantities by a system in an equal or smaller 
number of non-dimensional ratios is discussed with an attempt at rigour. 

In application to hydrodynamics examples are given illustrating the variety 
of fluid motions kinematically possible in the absence of a dynamical criterion. 
Experiments by fifteen observers on the resistance of spheres are assembled 
graphically and illustrate the need of a criterion for comparison. 

The introduction of the speed of sound as a parameter in the equations of 
compressible fluid motion is discussed at length. The conditions for cavitation 
in a gas and in a fluid are compared. In discussing Benard’s experiments on 
the double row of vortices shed by a cylinder, the necessity for introducing the 
surface tension is noted. 

The argument is mathematical. 


Resistance to a Barrier in the Shape of a Circular Are. (L. Rosenhead, Proc. 
Roy. Soc., Jan., 1928, pp. 417 to 432. Note by Prof. Brodetsky, pp. 
432-433.) (9264 Germany.) 

\ brief bibliography is given of developments of Levi-Civita’s transforma- 
tion of the part of the barrier in contact with the stream into a semi-circle. 
The present paper applies the method to a circular arc by a ‘“‘ direct ’’ method 
involving successive approximations which converge rapidly. Interesting results 
are obtained as to the effect of camber and shift of centre of pressure. 

At large angles of incidence the pressures on the pressure surface are a good 
representation of the physical facts. In the ‘‘ deadwater ’’ region there is little 
sign of agreement with observations. At small incidence the Joukowsky trans- 
formation is more applicable. 


Problems in Electrical, Machine Design Involving Elliptic Functions. (R. T. 
Coe and H. W. Taylor, Phil, Mag., 34, July, 1928, pp. 100-145.) (9265 
Great Britain.) 
Elliptic functions are applied to determine the magnetic field across air gaps, 
the boundaries being pole faces and armature surfaces with slots. 
The problems solved have hydrodynamical analogies. 


Joukouwsky Profiles. (Der Flug, 2/3/28, pp. 116-117.) (9266 Austria.) 

This short notice describes briefly the method for drawing a Joukowski 
profile by means of a mechanical device. Much of the work can be done with 
the aid of a device of great simplicity. This, however, does not make the work 
completely automatic. It is, however, stated that there is now being developed 
a wholly automatic device. This is driven by clockwork or by an electric motor. 
After it has been set for a certain wing width, thickness and arching parameter, 
it draws the Joukowsky profile entirely by itself. Development work on this 
device is being carried out, for instance in Moscow, by the Central Aero-Hydro- 
dynamical Institute. 


(Vector) Expressions for Hydrodynamical Forces. (H. Hewer, Phys. Zeit., 
XXIX., 1928.) (9267 Germany.) 
The author summarises the equations of viscous hydrodynamic in the nota- 
tion of vector analysis, carries out the usual transformation, and obtains a number 
of formal expressions. 
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The result of projecting a spherical cap of zinc 30 cm. diameter and one- 
tenth diameter deep is given. Length of trajectory 40 m., height 15 m. 

There is no perceptible relation between the description and the previous 
mathematical work. 


The Theory of Fluid Motion and the Actual Motion. (Prof. Ahlborn, Phys. 
Zeit., XXIX., 1/1/28, pp. 30-41.) (9268 Germany.) 

The author is known as a critic of Prandtl’s views on the setting up of the 
velocity field and the consequent distribution of pressure. 

He criticises the various efforts at explanation by Helmholtz, Lanchester 
and Prandtl, and attempts to formulate a new view. The initial motion is 
potential, but thereafter the inertia carries the fluid past sharp corners enclosing 
a mass of fluid which rounds off the contours of the obstacle. Such a mass 
of rotating fluid he calls picturesquely a ‘‘ gyrom.’’ The formation of ‘‘gyroms”’ 
takes place near streamline bodies as well as behind sharp edges. The cyclic 
motion sets up a diminution of pressure behind the body. On the whole the 
verbal descriptions, photographs and illustrations seem to fall well into line 
with Prandtl’s views, in spite of the author's views to the contrary. 


Effect of Compressibility on the Lift of an Aerofoil. Glatert, Proc. Roy. 
Soc., A. 118, No. 729, pp. 113-119.) (9269 Great Britain.) 

The equations of compressible inviscid fiuid motion and the integrals defining 
circulation, lift and drag are written down in polar co-ordinates. Expansions 
for large values of r reduce to the field obtained by superposing a simple linear 
vortex field on a steady stream, with appropriate assumptions. The velocities 
are affected by the fraction (1V?/C?):/(1— V? sin? The analysis 
used holds only for large values of 7, but the result is assumed to hold for small 
values of r. The aerofoil profile has been replaced by a ‘‘ fixed vortex line,’’ 
and this in turn is replaced by a plane vortex sheet through a finite seement of 
the x—axis. ‘Yhe incidence is the angle between the stream and the x — avis, 
and is taken to be small so that sin’@ is negligible. The assumed conditions 
now require the strength of the vortex sheet to be increased by 1/(i — V?/ C7)! 
agreeing with a result of Prandtl cited by the author. 

A further transformation in cartesian co-ordinates gives equivalent 
system in an incompressible fluid, with an increase of chord in the ratio 
i/(1—V? (?):, Both results indicate an increase in the slope of the lift curve. 

The lift curve derived by the inverse blade element method from experi- 
ments on a high-speed airscrew indicate an increase in the slope of the lift curve 
up to I’/C=o0.6 and thereafter a falling back. 

The author is therefore justified in inferring thai the formula fails in this 
manner when I’/C-l, but not in again quoting the test results as a surprisingly 
good confirmation of the ‘* theory.’’ 


The Influence of the Curvature of Stream Lines on the Lift) of Biplanes. 
(G6ttingen Reports, III., Part I., No. 3, pp. 9-13.) (9270 Germany.) 


It is assumed that the curvature of the streamlines due to one plane at the 
position of the other plane is equivalent to a cnange in the effective incidence 
equal to one-half of the angle subtended by the chord at the centre. Where the 
profile is also curved the difference 1/R —1/R! is to be taken instead of 1 R. On 
these lines semi-empiricai formule are developed for the mutual interference of 
the planes and the results are found to be in good agreement with experiment. 
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14 Wing Profiles 
Tests of Profiles. (Géttingen Reports, III., Part 3, No pages 33-59.) (9271 
Germany.) 


The results of measurement of coefficients of Ii ‘ag and moment are 
given for 64 profiles in which the curvature and thickne varied systematically 
by groups. 

The results are given graphically showing in ea: ance the calculated 
parabola of induced drag and a silhouette of the pro ‘he results are also 


given in tables. 


The Joukowsky Profile—Theory and Measurement of. (Gucingen Reports, III., 
Part I., No. 4 (Theory), pp. 13-16, Part III., No. 3 (Measurements), pp. 
59-77-) (9272 Germany.) 

In Report I., No. 4, Joukowsky profiles are obtained by transformation of 
the form :— 


w=s+a’/z 
Thirty profiles were obtained from this formula by varying two parameters 
corresponding to thickness in curvature. The formule for lift and moment are 
quoted along with the elementary geometrical construction developed by v. Mises. 
In Report lif., No. 3, systematic measurements on the Joukowsky profiles 

are recorded in polar diagrams and in numerical tables. a1 


Measurements on Profiles at Negative Incidence. (Gé6ttingen Reports, III., Part 
3, No. 5, pp. 79-82.) (9273 Germany.) 

For the purpose of calculatittg stresses in aerobatics mea’urements were 
made on eight profiles for negative incidences up to about — 40%;;,, 7" ¢ lift and 
moment coefficients are plotted against the drag coefficient. In iwo instances 
the measurements were made both with increasing and decreasing incidence 
and loops were found in the lift and moment curves, the different sides of the 
loops corresponding to the different types of flow obtained. 


Measurements on a Profile from O° to 360° Incidence. (Géttingen Reports, III., 
Part 3, No. 4, pp. 78, 79.) (9274 Germany.) 

The measurements were carried out on G6ttingen profile No. 420, and the 
value of lift, drag and moment are given in polar curves, and as functions of 
incidence. 

The numerical values are tabulated. 


15 Wing Profiles with Special Modifications 
Distribution of Pressure over a Staagered Multiplane (Wing-Grid). (Géttingen 
Reports, III., Part 3, No. 16, pp. 132-138.) (9275 Germany.) 

Five similar aerofoils were arranged between plane surfaces with different 
angles of stagger and of ittcidence. A graphical representation of the distribu- 
tion of pressure over an isolated wing is given for three angles of incidence, 4.2°, 
2.8°, 1.4°. Similar diagrams are given for the same three values of incidence, 
for three different angles of stagger, 16°, 22°, 29°, and for six different ratios of 
chord to gap. The method of measurement leads to very high values of pressure 
and lift as compared with the wing alone. The reason for this is explained. 
The numerical results are also given in tables. 


Measurements on Profiles with Cut-Away Trailing Edges. (Géttingen Reports, 
III., Part 3, No. 6, pp. 82-86.) (9276 Germany.) 


From profile of 200 mm. chord sections of the trailing edge were cut away 
by steps to 20 mm. This produced effectively eight different profiles. Lift, drag 


— 
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and moment coeffic are given graphically and in tables. The polar curves, 
eight on the same a m along with the parabola of induced resistance, show 


the deterioration of t' wing slowly at first, then with increasing rapidity. 


Measurements on Vi vith Cut-Away Parts. (Gé6ttingen Reports, III., Part 
3, No. 8, pp ) (9277 Germany.) 
Seven different; of cut-away were tested :— 


Leading ex 
ccular cut-away 8 cm. diam. 
I]. circular cut-away 12 cm. diam. 
Trailing edge :— 
Ill. Segmental circular cut-away 20 cm. chord, 3.33 em. rise. 
IV. Segmental circular cut-away 20 cm. chord, 6.67 cm. rise. 
Va. Semi-circular cut-away 20 cm. diam. rounded off. 
Vb. Semi-circular cut-away 20 cm. diam. not rounded off. 

Central strip 10 cm. wide cut out. 

Results are given in two polar diagrams and show that the cut-away of the 
leading edge ‘as a much more serious effect than the cut-away in the trailing 
edge. The e..ects are comparable with that of the last case, central section 
completely cut away. 


Eeperimentson Wings with Profiles Split Along the Chord. \(Géttingen Reports, 
III., Part 3, No. 10, pp. 99-102.) (9278 Germany.) 


The “pro is split in two along a curved surface running from nose to 
trailing edge. 
The two profiles thus formed are separated by a gap and are staggered 
according to the following scheme :— 
Gap fe) 7 20 50 80 mm. 
Stagger ... re) 1 10 33 mm. 
The results are given graph‘:ally and in tables for the biplane combination 
and for the upper part alone. 


The object of this particular experiment is not stated. 


The Effect of Roughness o.. Wings. (Gé6ttingen Reports, III., Part 3, 13, pp. 
112-114.) (9279 Germany.) 


Various parts of the wing surface are roughened in six different ways 
according to the following scheme :— 
Pressure side rough. 
Il. Suction side rough. 
Ill. Both sides rough. 
IV. Forward upper surface rough. 
V. Mid upper surface rough. 
VI. Trailing upper surface rough. 

The results are given in two polars and seven tables, which show that the 
roughening of the forward part of the upper surface has the most serious effect 
in causing a breakdown of the flow accompanied by heavily increased resistance 
and much reduced lift. At low incidence the roughening of the whole surface 
has a heavy effect. Below the no-lift incidence the roughening of the under 
forward side is the most serious factor, as might be expected. 


| 
| 
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Preliminary Investigation of Boundary Layer Control by Means of Suction and 
Pressure with the U.S.A. 27 Airfoil. (E. G. Reid and M. J. Bamber, 
N.A.C.A. Technical Note No. 286.) (9280 U.S.A.) 

The tests described in this report constitute a preliminary investigation of 
aerofoil boundary layer control as carried out in the atmospheric wind tunnel 
of the Langley Memorial Aeronautical Laboratory, from February to August, 
1927. 

Tests were made on a U.S.A. 27 aerofoil section with various slot shapes 
and combinations, and at various amounts of pressure or suction on the slots. 

The lift of aerofoils can be increased by removing or by accelerating the 
boundary laver. 

Removing the boundary layer by suction is more economical than to 
accelerate it by jet action. Gauze-covered suction slots apparently give the best 
results. 

When not in operation, all suction slots tested had a detrimental effect upon 
the aerodynamic characteristics of the aerofoil which was not apparent with 
the backward-opening pressure slots. 

Thick, blunt-nose aerofoils would seem to give best results with boundary 
layer control. 


Detachment of Vortices and the Prevention Thereof. (Gé6ttingen Reports, III., 
Section 2, pages 6-9.) (g281 Germany.) 

Photographs are given showing the formation and detachment of vortices 
behind a fixed cylinder and of a single vortex behind a rotating cylinder. It is 
explained that the motion of the surface of the cylinder with the stream on the 
upper side prevents the accumulation of retarded boundary layer fluid, while 
the motion of the lower side of the cylinder against the stream intensifies the 
effect. 

An example is also given diagrammatically of two cylinders in contact 
rotating so that their external sides travel with the fluid and prevent the forma- 
tion of eddies. 


Wings with Boundary Layer Sucked Away. (QO. Schrenk, K.W.-G., L.F.F., 
I]., Part 2, 11/6/28, pp. 49-62.) (9282 Germany.) 

A brief historical note and bibliography are given. 

It is remarked that the power required for sucking away the boundary layer, 
and the weight and cost of the apparatus required, must pay for themselves in 
increased lift and reduced resistance. 

The following quantities must be determined experimentally :—lift, resistance, 
volume removed and work expended. To measure these quantities rapidly and 
accurately, various experimental difficulties have to be overcome. The details 
of the apparatus used are described. 

In the experimental work a thick Joukowsky profile with end plates was 


used. The interior was divided into three compartments and the surface was 
pierced with rows of narrow slots, preferably parallel to the span; later it is 
stated that the form of the opening has no sensible effect. The remarkable 
results obtained are shown graphically. After correction for end effect the lift 


curve is brought into substantial coincidence with the theoretical curve of com- 
plete Joukowsky lift from 10° to 40° incidence. 

Figures give graphically some of the more important results of a long 
series of investigations. 

The values of lift, resistance and power coefficients are given graphically, 
and the power coefficient for the sucking away is given separately in a table. 

As the incidence increases an increasing volume has to be sucked away 
from the boundary layer, but in each case when a certain volume sucked away 


as 
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| per second is reached the flow follows the profile closely and further expenditure 
of energy on sucking away the boundary layer is useless. 
The important remark is made that on full sized wings the volume sucked 
away to produce a sufficient approximation to potential flow will probably be 
! much less in proportion than for the model experiments here Gescribed. 


The Improvement of Aerodynamic Characteristics by Mechanical Removal of the 
Boundary Layer. (Dr. A. Betz, German Patent No, 458428, Flugsport, 
5/4/28, 95.) (9283 Germany.) 


to 


The author proposes to improve the lift of aeroplane wings for the efficiency 
of airscrews by removing the boundary layer from the surface of the wing or 
airscrew into the interior. For this purpose slots are placed at suitable intervals 
which communicate with an exhauster through which the material in_ the 
boundary layer is passed away. The article gives constructional details for 
various types of wings. 


Slotted Wings. (German, Patent No. 454355, H. Helmbold, Flugsport, 11/4, 28, 
p- gl.) (9284 Germany.) 

This invention claims to obtain high lift coefhicients and realise at the 
same time small drags over a large range of incidence of the slot. It is also 
stated that the effort required to operate the slot is small. The main claim of 
the patent is the following :— 

Slotted wing characterised by the fact that the part preceding the slot, 
for instance the main wing and the part following the slot, for instance, 
aileron, are so shaped that the minimum distance of the slot remains 
unchanged as the inclination of the aileron alters. 


The article shows several possible methods of construction. 


Slotted Wings. (German Patent No. 450780, J. Knoll, Flugsport, April 11th, 
1928. Patent Section page ol.) (9285 Germany.) 


The invention concerns the constructions of a composite wing, the sub- 
sections being separated one from the other and thus forming slots. The suction 
side of the wing is furnished with a movable cover, adjustments of which 
produce variations of air flow through the wing. 


Experiments on the Influence of the Body on a Low Set Wing. (H. Muttray, 
Report of the Aerodynamical Laboratory of the Kaiser Wilhelm-Gesell- 
schaft, L.F.F., Part 2, 11/6/28, pp. 33-39.) 9286 Germany.) 

A series of systematic experiments in a wind channel were carried out, with 
various positions and shapes of body, and with the body alone. The results are 
given in nine polar curves covering about thirty different arrangements. 


Influence of Motor Housings on Wings. (Géttingen Reports, III., Part 3, No. 
14, pp. 115-118.) (9287 Germany.) 

Model motor engine housings of three different diameters, bluff forward 
surface and tapered trailing surface, were split horizontally in half and fitted to 
the wing according to the following scheme :— 

Housing. Wing alone. 
I. under half only. 


Ila. 
FIT. 


* 
| 
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Housing. Wing alone. 
I. With upper half only. 


te 
Ila. 
Ill. 


Housing. Wing alone. 
I. With complete housing. 


II. 
Ila. 


In the case Ila. the diameter is the same as in case II., but the forward 
surface is rounded off more gradually. 

The results are given in three polar curves and thirteen tables, The upper 
half of the housing has a much more serious effect than the lower half. The 
adverse effects increase with the diameter. The rounding-off diminishes the 
adverse effect. In general, the adverse effects are due to the premature breaking 
away of the flow from the upper surface caused by the housing, especially the 
upper half. 


Profile Resistance of Two Thin Profiles at Different Reynolds’ Numbers. 
(G6ttingen Reports, III., Part 3, No. 7, pages 87-91.) (9288 Germany.) 


In a previous abstract, No. 4, 28.6.27, Ref. 5.32/5826, Germany (Air flow 
over flat plates. Prandtl and Betz, Ergbn. der Aerodyn. Versuchsantalt zu 
Géttingen, 3rd issue, 1927, pp. I-5, Section I.), the result was quoted that the 
flow along a plate might be partly laminar and partly iurbulent, so that the 


resistance might lie along a transition curve between these types of flow. In 
Section 7 an application is made to the profile resistance of two thin profiles 


at different Reynolds’ numbers. Data of extensive measurements are given 
and the curves of resistance against Reynolds’ number show general similarity 
to the results for flat plates. 


The Induced Resistance of Wings with End Plates. (Géttingen Reports, IIL., 
Part I., No. 5, pp. 17-18.) (9289 Germany.) 


It is found that when end plates are fitted to the end of an aerofoil two 
trailing vortices of half strength are detached from each end plate, one at the 
top edge and one at the bottom edge. In this, way the induced resistance is 
decreased from that of a monoplane to that of a biplane with the same span and 
lift and with a gap equal to the distance between the two parts of the divided 
vortex. The results are given in figures and in a table and confirm the equiva- 
lents to a biplane. Two formule are given as first and second approximations. 


Measurements on Wings with End Plates. (Géttingen Reports, Part ilT., 
No. 9, pp. 95-99.) (9290 Germany.) 
Géttingen profile No. 535 with chord 30 cm. was fitted with elliptical or 
circular end plates with the following semi-diameters :— 


I 2 3 4 5 6 
a. 30 15 30 45 30 45 
b. 15 30 30 30 45 45 


The results are given graphically and in tables, and show that the depth of 
the end plate, i.e., the semi-diameter b, is the most important factor. 
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The Effect on Performance of a Cut-Away Centre Section, (UT, Carroll, U.S. 
Technical Note No. 273.) (9291 U.S.A.) 

The assumption is made that a skeleton or cut-away centre section is 
desirable for forward vision and the following work was done to determine the 
effect of such mutilation upon performance. 

The aeroplane used was a Vought VE-7, and in addition to the cut-away 
centre section a system of end plates or fins was installed. Various conditions 
and combinations were investigated in level flight and in climb. 

It is found that the greatest difference in the conditions investigated was a 
drop of 12.5 per cent. in a ten-minute climb, while the effect upon level speeds 
was negligible. 


Aeroplane Control. (A. Gymnich, Z.F.M., XIX., 14/3/28, pp. 97-100.) (9292 
Germany.) 
An elementary discussion of the theory and application of slots te prevent 
stalling. 


Measurements on Wings with Flaps and Slots. (Géttingen Reports, III., Part 
III., No. 12, pp. 107-112.) (g293 Germany.) 

The combination of wing and aileron flap separaied by a siot is effectively 
a species of slotted wing with the slot about + to 4 chord from the trailing tip. 
Tests were carried out with six different settings of each of three flaps. 

Three corresponding polar curves are given showing an increase of lift, 
drag and moment, along the same lines as for the Handley Page slot. The: 
numerical results are of a similar nature to those for a slotted wing, but are 
acrodynamically less favourable. They are tabulated for the different cases. 


Theoretical and Experimental Investigation of the Moment on Wings Produced 
by Ailerons. (E. Petersohn, K.W.G., L.F.F., If., Part 2, pp. 40-48.) 
(g294 Germany.) 

The assumption is made that the distribution of circulation along the wing 
can be represented by a Fourier series and a number of formal mathematical 
results are worked out on this basis. 

Experimentai determinations are then made of the physical quantities. 
involved and the results are given in polar curves of lift resistance and rolling 
moment for differenti settings of the ailerons. The numerical values are given 
in a table. 

\ comparison is made between the calculations of the various quantities 
made in a simple manner by Munk for a wing with an elliptical plan and the 
excelient agreement obtained is exhibited graphically. 

In referring to Wieselsberger’s application of Fourier series, it is remarked 
that in general eight terms should be taken, giving eight equations to determine 
the eight unknown coefficients. 


Measurements on Thiee Elevators. (Géttingen Reports, III., Part 3, No. 11, 
pp. 102-107.) (9295 Germany.) 

The chord of the profile is 250 mm., the length of the flap to the hinge is. 
65 mm., gt mm., and 120 mm. respectively. Polar curves are given for three 
fixed flap settings, 0°, 10° and 20°. 

A coefficient of moment about the tail pin is defined and measured for five 
values of the incidence of the fixed part, o°, 6°, 12°, 13° and 18°, and for a 
change of flap setting from + 20° to — 20°. 

The curves are then transformed to show the hinge moments as functions 
of incidence for different flap settings. 
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Forces and Moments Produced on a Wing by the Aileron. (C. Wieselsberger 
and P. Asano, Tokvo, Z.F.M., XIX., 14/7/28, pp. 289-293.) (9296 
Germany.) 

From. selected experimental work curves are drawn representing — the 
distribution of the change in lift over the span set up by the ailerons working in 


opposite directions and in the same direction. These are superposed on curves 
of elliptical lift distribution. The resulting moments are obtained by integration. 
The effect on the induced resistance is also calculated. The calculated results 


are shown in tables and diagrams. 


16 Model Aeroplanes 


Experiments on a Number of Model Aeroplanes.  (Géttingen Reports, Part 
3, No. 15, pp. 118-132.) (y297 Germany.) 
The following models were tested :— 
(a) Vampyr glider. 
(b) Greif glider. 
(c) Tailless Weltensegler glider (Type V.E.1.). 
(d) Rohrbach twin-engine aeroplane. 
(e) Focke-Woulf commercial aeroplane with airscrew. 
The results are given in polar curves and in tables. 
In (a) the effect of a round body and of an angular body is compared with 
the polar for the wing alone. 
Curves are given in (b) for the wing alone and for the rounded body with 
and without cut-away portion. 
In (c) for the complete model and for the wings alone. 
And in (d) for the wing alone, for the model without engines and for the 
complete model. 
The various effects are discussed in the light of the breaking away of the 
flow. 
(e) The tests on the model with airscrew form an independent series, and 
are dealt with under airscrews. 


Eaperiments with New Types of Aeroplane. (A. Lippisch, Z.F.M., XIX., 
28/6/28, pp. 274-284.) (9208 Germany.) 

Swept-back wings suitable for a tailless monoplane were investigated experi- 
mentally in the wind channel and polar curves obtained for different degrees of 
sweeping back. Profiles with constant centre of pressure were selected from 
American reports for comparison with Gétiingen profile 459. 

Further, a polar is given for a complete tailless model from measurements 
at G6ttingen and a curve is given of the cube of the lift divided by square of 
resistance plotted against lift over resistance both theoretically and  experi- 
mentally, with fair agreement. Diagrammatic sketches and photographs of 
glider and of model in flight are shown. It is suggested that the new type is 
suitable for giant aeroplane construction, but the arguments offered in support 
are very brief and general, and require the support of worked-out examples. 


Preliminary Biplane Tests in the Variable Density Wind Tunnel. (J. M. Shoe- 
maker, N.A.C.A. Technical Note, No. 289.) (9299 U.S.A.) 

Biplane cellules using the N.A.C.A. M.6 airfoil section have been tested in 
the variable density wind tunnel of the National Advisory Committee for Aero- 
mautics. Three cellules, differing only in the amount of stagger, were tested at 
two air densities, corresponding to pressures of one atmosphere and of twenty 
atmospheres. The range of angle of attack was from — 2° to + 48°. The effect 
of stagger on the lift and drag, and on the shielding effect of the upper wing by 
the lower at high angles of attack, was determined. 
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17 Air Resistance Measurements 


Air Resistance Measurements on Rolled Joists. (Gottingen Reports, III., Part 
3, No. 20, pp. 151-156.) (93co Germany.) 

Joists of various section, L, T, I, and of various built-up forms are tested 
in wind at angles from o° to 360° in the plane of the section. Both horizontal 
and normal forces are produced which vary in a highly irregular manner. The 
results are given graphically and in tables. 


Air Resistance Measurements on Bridge Girders. (Géttingen Reports, IIT., Part 
3, No. 19, pp. 146-151.) (9301 Germany.) 

Five models are tested, a plate girder punched out and three built-up girders. 
The wind pressures are measured with different arrangements of the girders, 
singly, one behind the other, with the wind at right angles, and with oblique 
wind. The results are given graphically and in tables. 


Air Resistance Measurements on Wind Screens. (Géttingen Reports, Vol. II1., 
Part 3, No. 21, pp. 157-161.) (9302 Germany.) 

Modern shunting yards in Germany make use of inclines for the purpose 
of moving waggons. It was found in a- shunting vard at Bremen that the effect 
of unfavourable wind pressure reduced the run obtainable under the gravity, 
especially in the neighbourhood of a signal bridge. 

Palisade wind screens were suggested to break the force of the wind while 
permitting visibility of the waggons. 

Models were made with diferent size and spacing of the pales and a com- 
plete model of the signal bridge with the proposed system of wind screens was 
tested. The most effective type of pale and distribution of wind screen area 
obtained by the model tests was tried om ©" scale and gave substantial results 
anticipated. 

Details of the tests on section of th ‘reen are given in diagrams and in 
tables. 


Wind Pressure Measurements on a Model Gasometer. (Géttingen Reports, IIT., 
a 
art 3, No. 18, pp. 144-146.) (9303 Germany.) 


The model is cylindrical with a conical roof and with a small cupola. The 
distribution of pressure is measured for five points on a generating line three 
points on the sloping roof and two points on the cupola. Ten generating lines 
are selected round the semi-circle. The results are given graphically and in a 
table. Diagrams are also given showing the increase or decrease of pressure 
round two meridians in the planes parallel to the wind and at right-angles to the 
wind. 


Air Resistance measurements on High Speed Railway Carriages. (Gottingen 
Reports, III., Part 3, No. 22, pp. 161-164.) (9304 Germany.) 

Models were made up of carriages with rounded noses and with faired casing 
over the wheels. Resistance was measured with and without the casing and 
with and without the rounded nose, and the results are given graphically. A 
channel was also made up to represent the walls of a tunnel and further tests 
were made. An approximate theory is developed for variation of resistance 
from the mouth of the tunnel to a point well inside the tunnel, and with the aid 
of the actual tests curves are made up showing the variation of the resistance 
as the carriage passes further into the tunnel. Three different widths of tunnel 
were employed. The results are given graphically. 
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Calibration of Wind Profiles. (Gé6ttingen Reports, III 
J I 
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18 Laboratory Equipment 


Wart 3, No. 1, pp. Ai 
20-33-) (9305 Germany.) 

A description is given of an optical micrometer gauge consisting of plane 
table with slide and cross slide, scales and an eye-piece with cross wires. The def 
scales are divided into 1/1oth of a millimeter, and 1/1ooths of a mm. can be Wil 
estimated. 

In practice the figures are rounded off to the nearest half 1/10th mm. for tal 
purposes of tabulation. pa’ 

About 145 profiles are tabulated, the ordinates of upper and lower surfaces net 
being given for 17 different abscissw; these comprise generally the profiles for 
which aerodynamical tests are given in the previous volumes or in Volume III. T 
Small Alternating Current Motor for Driving Model Airscrews.—Alternating 

Current Brakes. (G6ttingen Reports, III., Part 2, Nos. 1 and a2, pp- Hi 
21-25.) (9306 Germany.) 

Useful practical details are given for construction and running, with an af 
account of the difficulties met and overcome. Curves of power and efficiency th 
are given. S 

A squirrel-cage type of alternating current rotor combined with a speed th 
counter is described and curves of braking effect are given for different electric p 
currents, measured in amperes. f< 

> tl 

AIRCRAFT DESIGN AND EQUIPMENT 
19 General Design fi 
Monoplane or Biplane. (C. H. Chatfield, J. Soc. Autom. Engineers, XXII., U 


Jan., 1928, p. 49.) (7861 U.S.A.) 


After pointing out that the rivalry between the monoplane and the biplane 
is of long standing, and that each must therefore have some advantages, the 
: author proceeds to the consideration of the question at issue by comparing 
structural efficiency, aerodynamic characteristics, performance, and certain other 
features. In the discussion Mr. A. H. G. Fokker considered the biplane or 
triplane superior to the monoplane for pursuit planes on account of its greater 
maneeuvrability and higher factor of safety. For commercial craft, on the 
other hand, the monoplane lent itself more easily to all-metal construction, with 
reduction in cost. Eventually, profiles of sufficient section will be used to house 
the engine and auxiliaries inside the wing. 


20 Structures 
The Best Spacing of Spars ina Tiwo-Spar Wing. (K. Haarmann, Z.F.M., XIX., 
14/7/28, p. 298.) (9307 Germany.) 

In German specifications of wing strength three conditions are considered 
in steady forward flight; (A) load forward, (B) load mean position, (C) load 
aft. By spacing the spars more widely the load in extreme cases is diminished. 
With Gottingen profile No. 593, curves are drawn showing the variation of load 
on the spars for different spacings. A numerical example is worked out. 


Buckling Strength of a Strut of Given Form. (A. P. Czerevkov, Z.F.M., XIX., 
14/7/28, pp. 293-298.) (9308 Germany.) 


The ordinates of the contour are expressed by multiple integrals, up to 
sextuple integrals. A numerical example is worked out for particular assump- 
tions, involving Bessel functions. 
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21 Airscrews 


Airscrew Efficiency. (A. Betz, Z.F.M., XIX., 20/8/28, pp. 171-177 
Germany.) 


(9309 


The author summarises the principles of airscrew theory and extends the 
definition of thrust to the net thrust of an airscrew in the neighbourhood of a 


wing. Curves previously obtained experimentally in the laboratory are 


given 


graphically, and examples exhibit the method of applying the results to design, 


taking into account mutual interference with the wing. The main object 


of the 


paper is to clear up some rather delicate points in the definition of net resistance, 


net efficiency, etc., taking mutual interference into account. 


Tests of Model Airscrew Mounted ov Model Aeroplane. (Géttingen Reports, 


III., Part 3, No. 15, pp. 125-132.) (9310 Germany.) 


The model two-bladed airscrew is taken from the U.S.A. Advisory 


Com- 


mittee Report No. 141, along with the efficiency, thrust and torque coefficients. 


Tests are made of the complete aeroplane model without airscrew 


, with 


airscrew blades vertical and with airscrew blades horizontal. In the latter case 
the adverse effect is sensibly greater in promoting the breakaway of the flow. 


Systematic tests are then carried out of the shaft thrust and the net d 


rag or 


thrust of the aeroplane-cum-airscrew for different ratios of tip speed to aero- 
plane. speed. The polar of the last defined quantity is given in the form of a 


family of curves. 


From these it is possible to infer whether the net thrust h.p. available from 
the engine is greater or less than the required flying h.p. of the aeroplane. 


The quantities involved require careful definition on account of the inter- 
ference between airscrew and body. Various numerical results are given in 


tables. 


Theory of Airscrews (Japanese). (Sandi Kawada, Research Inst., Tokyo, Imp. 
Univ., X., 1925, pp. 137-157, abstr. in Jap. J. of Eng., V.) (7944 Japan.) 


The theory is based on the assumption that the number of blades 
airscrew is large. 


of the 


Upon the analogy of the vortex theory of an aerofoil, together with the 


consideration of the momentum relation, the magnitude of so-called ‘‘ 
velocity ’’ was obtained in a simple form. The profile resistance of the 
was also taken into consideration. 


inflow 
blades 


It was found that the difference bet*seen the effective angle of incidence 
and the apparent angle of incidence of blade element was a linear function of 


the circulation. 


As an application, the distribution of circulation corresponding to the 
maximum efficiency was sought, using the calculus of variations, and in com- 


parison with actual experiments good agreement is claimed. 


The Effect of the Sperry Messenger Fuselage on the Air Flow at the Propeller 


Plane. (F. E. Weick, N.A.C.A. Technical Note, No. 274.) 


(9311 


In order to study the effect of the fuselage, landing gear and engine on 


the air flow through the propeller, a survey was made ' the plane of the 
Messenger propeller with the propeller removed. The tests were made 


Sperry 


in the 


20-foot air stream of the propeller research tunnel of the National Advisory 


Committee for Aeronautics at Langley Field, Virginia. ‘The variation 


of the 


velocity with distance from the centre in the propeller plane was found to be 
appreciable and well worth consideration in the design of propellers. 
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also found that the velocity through the propeller plane was affected by the 
presence of the engine, and that the velocity in front of the landing gear was 
lower than that at other points in the propeller plane having the same radius. 


Wind Wheels (Multivane Windmills)\—(a) Theoretical Relations, Eaper- 
mental Results. (G6ttingen Reports, I1J., No. 6 (Theoretical), No. 17 
Experimental), pp. 19-20 and 139-144.) (9312 Germany.) 


In Report No. 6 general considerations of momentum are discussed along 
the lines of Froude’s theory, but with a decrease of velocity and increase of 
diameter behind the wind wheel. Coefficients of efficiency, thrust and torque 
are defined. 

In Report No. 17 extensive experiments are described with variable number 
of blades, disc area factor and wind speed. In tables and curves the results are 
given and non-dimensional coefficients of lift, thrust and moment. 

The most important economic factor for a wind wheel driven by the natural 
wind is the maximum power output for a given expenditure, irrespective of 
maximum efficiency, but for small wind wheels mounted on aeroplanes and driven 
by relative wind, maximum efficiency is the most important consideration. 


Theory of the Lifting Screw. (QO. Flachsbart, Z.F.M., XIX., 1928, pp. 177-183.) 
(9313 Germany.) 

A very complete résumé of modern screw theory is given and the conditions 
of minimum power for a given lift are derived by integration over the blade, 
taking into account Prandtl’s correction for tip effect. The lift over power 
characteristics are given graphically, and the wide difference between the results 
of design for maximum efficiency and for maximum lift over power are shown. 
As the result of worked-out examples, the author finds that 500 h.p. is sufficient 
to lift 3,000 kilograms (three tons) at 200 r.p.m. with a diameter of twelve 
metres, whereas with an airscrew designed for high efficiency 600 h.p. would 
be required. 


22 Rocket Propulsion 


Erperiments with Rocket Propulsion on Model and Light) Aeroplanes. (A. 
Lippisch and Fr. Stamer, Z.F.M., XIX., 28/6/28, pp. 270-274.) (0314 
Germany.) 

Sketches and photographs are given of the apparatus and of flights with 
details of the weight of combustible and time of burning. 


INSTRUMENTS 


23 Wireless 
30/6/28, pp. 913-916.) (9315 Germany.) 

From the formula for wave length it follows at once that induction coils of 
few turns and condensers of small capacity are required. Every device for 
reducing the energy losses in consequence of the high frequency must be 
employed. The resulting apparatus is sensitive and difficult to adjust. 

Photographs and diagrams of the short wave installations at Nauen, Pitts- 
burg, etc., are given. 


Wave lengths below 40 metres give directional results. Wave lengths of 
30 to 4o cm. are obtainable by the apparatus described. 
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Construction and Working of a New Oscillator with very Short Waves. (E- 
Pierret, Comp. Rend., CLXAXXVI., 11/6/28, pp. 1601-1603.) (9316 
France.) 

A previous oscillator with two valves giving wave lengths of 14-18 cms. 
required for operating two valves absolutely identical, a condition difficult to 
satisfy. 

A new apparatus has therefore been designed with a single triode valve and 
a copper strip of variable length. One end of the strip is insulated, the other 
end soldered to a disc of diameter equal to the half wave length. The positive 
pole of a battery of 300 volts is connected to the grid and to the strip at quarter 
of a wave length from the insulated end or to the strip itself. 

A wave of 16.5 cm. length is obtained. A brief mathematical analysis is 
given leading to a calculated value of 11.7 cm. in comparison with the experi- 
mental value of 16.5 cm. The fiequency of the oscillator is double that of the 
electronic oscillation, hence the short wave length obtained. 


Theory of Wave Filters containing a Finite Number of Sections. (H. %. 
Wheeler and F. D. Murnaghan, Phil, Mag., No. 34, July, 1928, pp. 
146-174.) (9317 Great Britain.) 

Campbell’s solution for an infinite loaded telephone line is developed for a 
finite line so that special conditions to avoid reflections from the ends are unneces- 


sary. A graphical method of solution is obtained of completely general applica- 
tion. The analytical method originated by Rayleigh in connection with a loaded 
string, and developed by Pupin, gives solutions in determinant form. The rela- 


tions between three ideal types and the practical results obtainable are exhibited 
graphically in three diagrams and exhibit to what extent the actual results fall 
short of the ideal. 


On the Technics of Radio Apparatus on Board. (P. Zonta, IV. International 
Air Congress, Rome, Oct., 1927.) (7873 Italy.) 

The author treats of radio apparatus on board different types of airships, 
describes their construction, working and disposition. He alludes to the radio 
sets driven by a screw deriving its motion from the forward movement of the 
aircraft, as well as to alternating current sets and antenna, describing their 
advantages and disadvantages. Reference is made to different methods and a 
critical analysis is made of the types of sets and their characteristics as used by 
the Italian Air Force. 

Finally, he treats of the peculiarities of apparatus on board, of their 
characteristics, and of the details of their accessory material. He concluded by 
asserting that the radio apparatus in use in the Italian Air Service is by far 
the most perfect to be found in actual use. 


Laboratory Equipment and Research Work at the German Research Institut 
for Acronautics (D.V.L.). (H. Fassbender, 88th Report of the D.V.L.s 
L.F.F., I., 4, 7/5/28, pp. 113-116.) (9319 Germany.) 

The general outlay of the laboratory is given diagrammatically and photo- 
graphs of a number of details are shown including a directional coil mounted on 
an aeroplane. Specifications of the main machinery equipment are also given. 
Special sections of the laboratory are devoted to researches on wireless 
generators, high vacuum production, directional apparatus, emission apparatus 
and short wave apparatus. 
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Application of Short Waves to Air Navigation.—Eaperiments between Berlin and 
Madrid. (K. Kruger and H. Plendl, 98th Report of the D.V.L.-L.F.F., 

1., 4, 7/5/28, pp. 126-131.) (9318 Germany.) 
The author gives descriptions and diagrams of a crystal controlled trans- 
mitter used on board the aeroplanes. The experiments covered three wave 


lengths, 18 m., 28 m. and 48 m. To excite a pure undamped high frequency 
wave a crystal control transmitter of only one watt was used, coupled to a 
small amplifying tube and taking its energy from the receiver battery. A trans- 


mitter of higher power (300 watts for the ground apparatus, 30 watts for the 
acroplane transmitter) was excited by an alternating current of 500 evcles per 
sec. raised to high voltage by a transformer. Further details of the ground 
installation at Berlin are given. 

A scale of relative signal strength was established with degrees of audi- 
bility numbered 1-g and tables are given of the results showing the variation 


with the time of day, with the distance and with the wave length. Under 
favourable conditions the degree of audibility was 7 at a distance of 1,700 km., 


but negative results were sometimes obtained, especially during the day. 
The problem of dead zones arises and further experimental information is 
required. 


The Advantages of Short Wave Transmission for Aeroplanes. (H. Fassbender, 
98th Report of the D.V.L. Adlershof-L.F.F., 1., 4, 7/5/28, pp. 121-125.) 
(9320 Germany.) 

By the use of short waves, 15 m. to 50 m., it was found that fixed antenne 
of sufficient length could be installed in aeroplanes. From the observations it 
is concluded that such fixed antennz are the most suitable, and the compara- 
tively poor results obtained in other countries are attributed to the use of 
flexible antennze easily displaced by a gust of wind. 

The results of transmission and reception on various flights are described. 
In particular a crystal controlled undamped transmitter with only o.7 watts 
energy in the antenna and a wave of 46 metres gave results exceeding all 
expectations, being perfectly audible throughout a stage of 135 km. 


24 Engine Indicators 

Electrical Indicator for High-Speed Internal Combustion Engines. (J. Obata, 
Engineering, CXXIV., 26/8/27, pp. 253-254, abstr. in Sc. Abstr., XXX., 
359, 25/11/27, p. 533-) (7864 Japan.) 

The indicator consists of a steel disc 5 cm. dia. x 2 mm. thick, which, 
together with a fixed insulated plate, forms a parallel plate condenser having a 
gap of about 2 mm. This condenser is used as the capacity in an oscillating 
valve circuit, pressure changes in the engine cylinder producing alterations in 
the anode current, which are recorded either by a string galvanometer or a 
Duddell oscillograph. Sensitiveness can be increased by reducing the gap, and 
the instrument is calibrated by air pressure and a standard pressure gauge. 
The calibration is liable to alteration by the use of one or more valves, and is 
also affected by temperature changes in the indicator; but this change of scale 
is of minor importance in internal combustion engine work. Typical records 
from motor-cycle engines running at speeds up to 3,000 r.p.m. are reproduced. 
Many physical complications are ignored. 


25 Optics 
Loss of Light in Photographic Objectives. (Z.V.D.1., LXXII., 7/7/28, p. 965.) 
(9321 Germany.) 
A new process has been developed by the German Government Cinemato- 
graph Laboratory for comparing the absorption of various photographic 
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objectives. A table of experimental results is given. It is pointed out that 
modern objectives of large aperture, owing to their complicated structure, are 
not so fast as would be expected from purely geometrical consideration. 


MATERIALS 


26 General Properties of Materials 


The Molecular Theory of the Mechanical Strength of Crystals. (A. Smekal, 
Z.VeD 19/5/28, p. 667.) (9322 Germany.) 

By means of X-ray analysis the molecular structure of crystals is well 

known and certain mechanical properties should be capable of theoretical 

evaluation. Tests on crystals show values which depart considerably from such 


‘calculations. It is probable that the crystals met with in practice ire not perfect, 


but contain small regions of instability. By these means it is possible to account 
for the difference between theory and practice as well as for plastic flow and 
conditions arising when certain substances are at ‘‘ work.’’ The article has very 
complete bibliography of the subject. 


Two-Dimensional Problems in Ilasticity. M. Sandowsky, Z.f.A.M.u.M., VIIT., 
2, April, 1928, pp. 107-121.) (9323 Germany.) 

The author's abstract states that the first part gives a systematic statement 
and discussion of the ‘‘ plane ’’ problem, with respect to the solution of periodic 
displacements. Certain difficulties of definition, arising from the distinction 
between plane stress and plane strain, are examined and ambiguities are removed 
by exact definitions and statements. Much of this is not new (see Love's 
Elasticity) but some detail results, and the explicit solution of certain boundary 
conditions are claimed as new. ‘The second part attacks the problem of a screw 
deformation with the Z-axis as the screw axis, which is reduced to ordinary 
simultaneous differential equations, and integrated by development in series, in 
the manner of Bessel’s differential equations which they resemble. Where the 
solutions are regular at the axis, the initial terms and the ‘recursion formule 
are obtained explicitly. 


Conformal transformations involving elliptic functions, developed by Fuchs 
and Hopf in the aerodynamics of the biplane, find an application in the problem 
of two supports on a yielding surface. 


A Model illustrating a Kinetic Theory of Solids. (L. Prandtl, Z.f.A.M.u.M, 
VIII., 2, April, 1928, pp. 85-106.) (9324 Germany.) 

Stress across a surface, producing strain, is regarded as a displacement of 
molecules from their mean position of equilibrium and of minimum (statistical 
mean) energy. The displacement sets up out-of-balance molecular forces which 
are purely elastic provided no molecule is permanently displaced from one 
position of equilibrium to another. 

Simplifying assumptions are made in the first place for a single displaceable 
molecule with one degree of freedom subjected to an ‘‘ elastic ’’ constraint in 
its own ‘* surface of moluecules ’’ and to a force set up by the adjacent ‘ surface 
of molecules ’’ varying as the simple sine when the two surfaces shear over eacl 
other. 

An ingenious model of a single molecule illustrates the conception and 
produces a_ stress-strain diagram mechanically. Where the molecule passes 
from one state of equilibrium to another a simplified hysteresis loop is obtained 
satisfying Madelung’s relations. The conception is then extended to a large 
number of molecules and _ statistical mean values are obtained. articular 
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simplifying assumptions disappear and probability integrals take their place, 
justifying the assumption a posteriori. 

In the course of the analysis a number of interesting integrals were evaluated 
by Tollmien. 

Time and temperature effects are also discussed, and the phenomena of 
creeping, annealing and initial stress are reproduced by the expressions obtained. 
There is some similarity of idea with Professor C. F. Jenkin’s model, Aero- 


nautical Journal, Vol. NXVII., 1927, pp. 89-104. 


The Dependence of the Mechanical Properties of Castings on Casting Technique. 
(G. Schreiber, Z. Metallk., X., Nov., 1927, p. 456.) (7713 Germany.) 

The author examined the constancy of the mechanical properties of a series 
of metals in the form of castings. For this purpose a large number of castings 
were prepared under apparently identical conditions and test pieces cut from 
similar parts of the castings. 

Variations in tensile strength were especially marked in the case of certain 
aluminium alloys, the difference between maximum and minimum tensile strengths 
being of the order of 200 per cent. Ordinary cast iron showed variations of the 
order of too per cent. The experiments indicate the necessity of co-operation 
between the casting specialist and the designer. 


Internal Strains in: Metal. (G. Sachs, Z.V.D.1., LXXI., 22/10/27, p. 1511.) 
(7660 Germany.) 

The author has investigated the so-called season cracking exhibited by 
brass and copper alloys when subjected to cold working. The cracking is due 
to the presence of internal stresses, the magnitude and distribution of which 
have been investigated by the author. Considerable space is given to the 
discussion of the Bauschinger effect. The final conclusion reached is that con- 
siderable advance will have to be made in our knowledge of the structure of 
atoms and crystals before this effect can be explained. It is especially difficult 
to account for the improvement in mechanical qualities of certain alloys on 
storing and for the small resistance towards slip and cleavage shown by many 
crystals. 


The Connection between Ultimate Tensile Strength and the Resistance to Shear. 
(P. Ludwik, Z.V.D.I., LXXI., 29/10/27, p. 1532.) (9325 Germany.) 
The author demonstrates that the resistance to shear as well as_ the 
resistance to tensile stress determines the behaviour of the material when sub- 
jected to any complicated form of stressing. Further researches in this direction 
are required for a_ satisfactory mechanics of deformed bodies. A lengthy 
bibliography is given. 


27. Light Alloys—Physical Characteristics 

Light and Ultra-Light Alloys in the Temperature Range of Work in Aviation 
Material. (Grard, IV. International Air Congress, Rome, Oct., 1927.) 
(7891 Italy.) 

An inquiry is proposed as to the temperature range in which it ts possible 
to use light alloys based on magnesium and aluminium. 

A table is given showing the mechanical characteristics (resistance, tough- 
ness) of different alloys, light as well as ultra-light, followed by a detailed study 
of the thermal conductivity range of the same alloys in the 0°-200°. 

From the results thus obtained from the point of view of resistance and 
toughness as well as of density and thermal conductivity, the choice from the 
alloys experimented on is indicated. 

In a table are collected mechanical and physical data of selected alloys. 

A method for the finding of the thermal conductivity of metals is appended. 
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Notes on Elektron and its Use. (N. Bonaretti, IV. International Air Congress, 
Rome, Oct., 1927.) (7894 Italy.) 

Some notes on the recent history of the principal light metal alloys. Credit 
is due to Germany for the discovery of elektron, which is obtained from binary, 
ternary and quaternary alloys of magnesium. 

This new product was introduced into Italy five years ago, and the firm 
Isotta Fraschini was the first industrial concern to use it. The alloy of elektron, 
used on the preparation of castings is quarternary, known by the mark A.Z.F., 
and is composed of 92.5 per cent. Mg., 4 per cent. of Al., 3 per cent. of Zn., 
0.5 per cent. of Mn. Production, chemical and physical properties, etc., are 
discussed. 

Difficulties which prevent its wider adoption in industry are discounted and 
the metal is stated to be adapted for many widely differing uses. 

The use of elektron is recommended in aeronautical construction, several 
German firms having made entire machines of it. 


28 Steel 


Heat-Resisting and Non-Corrodible Steels. (S.A. Main, J. Inst. Aeron. Ene., 
I., Aug., 1927.) (7630 Great Britain.) 


” 


The author deals fully with the various types of ‘‘ Era’? and ‘* Hecta 
steels made by Messrs. Hadfield. These steels contain relatively large quantities 
of chromium and nickel, the iron content varying between 50 per cent. and 
7o per cent. The steels have received extensive application in turbine blading, 
cupola and internal combustion exhaust valves. 


29 Corrosion and Corrosion Preventives 


Surface Treatment of Aluminium by the Jyrotka Process. (Aluminium, 30/6/28, 
p. 5-) (9320 Germany.) 

The process consists in obtaining a galvanic deposit on the surface of the 
aluminium by immersing the latter in a chemical bath kept at moderate tem- 
perature. 

The process is automatic and the cost smal]. The application of an external 
current is necessary only when very thick deposits are required. The process 
in its simplest form improves the appearance and gives good protection against 
atmospheric corrosion. Additional paint or varnish adheres more strongly to 
the treated surface. The process is also applicable to magnesium alloys of the 
elektron class. 


Nature of Film Produced by Anodic Oxidation of Aluminium. (H. Sutton and 
J. W. W. Willstrop, Chemistry & Industry, XLVI., 28/10/27, p. 818.) 
(7878 Great Britain.) 

Samples of anodically treated aluminium were heated in dry hydrogen 
chloride at 300-320°; the metallic aluminium volatilised and the surface film was 
left unchanged. The films isolated from commercial aluminium contained small 
quantities of elementary silicon and were usually grey, owing to traces of carbon. 
The films obtained were from 0.74 u. to 2.10 u. thick, being from two to six 
times as thick as those produced by heating aluminium at 600° in oxygen for 
80 hours (cf. Pilling and Bebworth, B., 1923, 359A) and from 100 to 300 times 
as thick as the atmospheric corrosion films of Vernon (2nd Report Atmospheric 
Corrosion Research Committee). From the volume of gas evolved by heating 
in vacuo at 1,200° the film is shown to consist of oxide and not hydroxide. 
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Protection of Aluminium and its Alloys against Corrosion. (H. Sutton and A. J. 
Sidery, Chemistry & Industry, XLVI., 28/10/27, p. 818.) (7881 Great 
Britain. ) 

Samples of aluminium and aluminium alloys were treated by different pro: 
tective processes and their resistance to corrosion by sea-water was determined 
by wet and dry and spray tests. The anodic oxidation process gave considerable 
protection, especially when followed by the application of grease. Good pro- 
tection was also obtained by means of zinc and cadmium deposits .ooo5in. thick. 
Whilst the increase in weight caused by the anodic process is negligible, the 
zinc and cadmium plating results in an increase in weight of about ? oz./per 
Sq. ft. 


Corrosion Experiments with Light Alloys. (M. H. Kraemer, Z.V.D.1., UXXI., 
29/10/27, p. 1538.) (7757 Germany.) 

In order to obtain a reliable estimate of the effect of corrosion the author 
submits a test piece to both tensile and extension tests. Corrosion becomes 
evident by its effect on the extension, and diminution in the extension of the 
test piece under given load is a sensitive test for the extent of the corrosion 
which may be so slight as to escape ordinary tests based on the appearance of 
the specimen. The corrosion itself is initiated by exposing the specimen to a 
spray of salt water whilst subjected to the light of a mercury lamp for a definite 
period. 


On the Protection of Iron by Use of Cadmium—Use of the Eutectic Alloy 
Cadminm—Zine for the Coating of Steel Wires for High-Resistance Cables. 
(G. Montelucci, IV. International Air Congress, Rome, Oct., 1927.) (7889 
Italy.) 

Stec. wires for high resistance aeroplane cables are protected from corrosion 
by passing them through a zine bath. 

Owing to the relatively high fusion-point of zinc (419°) the steel undergoes 
a change in character which lowers the resistance. 

Tin is unsuitable because it is electronegative in regard to iron. Cadmium, 
next in the scale of elements to iron and electropositive with regard to iron 
because of its low fusion-point (321°) and its general qualities, is the most 
suitable protection. 

An alloy of 83 parts of cadmium with 17 of zine (electric alloy) has a much 
lower fusion-point (263°), and a fusion bath gives excellent protection and does 
not exercise any thermal influence. Steel wires thus coated maintain their 
strength. 


Use of Lubricating greases for the Preservation of Metals. (M. V. Borodulin, 
Trans. State Inst. Applied Chem. (Moscow), 1927, 5, PP. 53-58, abstr. in 
Chem. Abstr., XXII., 1928, p. 2460.) (9327 Russia.) 

The most desired characteristic of preservative oil is good adhesiveness, 
1.€., absorbability of the oil by the surface of the metal; this is a more important 
factor than viscosity. Soap, which is usually introduced in these oils to neutralise 
the effect of free acids, does not prevent the action of atmospheric oxygen on 
the metals and even has a tendency to facilitate it. 


30 Glass 


‘“* Kinon’’ Safety Glass. (Motor, XV., Aug., 1927, p. 72.) (7462 Germany.) 


‘* Kinon ’’ glass, invented my Herr Kinon, is made up of two glass plates 
with a layer of celluloid between, the whole being compressed in a hydraulic 
press after special treatment. The original transparency of the ¢ ass is not 
impaired by the process; ** Kinon”’ glass has undergone the most violent tests 
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without splintering and is used by the Deutsche Luft Hansa on all their 
aeroplanes. 


31 Fabrics 
Resistance of Silk Fabrics to Light. (Silk (N.Y.), XIX., 1926, p. 45, abstr. in 
Inst, iil. Oct.,. 1927;) (7885) 

The action of light may cause the complete destruction of silk fabrics... In 
the course of experiments, which are very scantily related, it was found that 
silk, when soaked for 1? hours in 1 per cent, tannin at 79°C., washed in hot 
and cold water and then dried, withstood an exposure to light for 4oo hours 
without losing its elasticity, and retained 93 per cent. of its original strength. 


MISCELLANEOUS 
32 Airships 


Development ef Rigid Airships. (Lecture by Dr. Ing. Schwengler, published in 
Motorwagen, XXX., p. 761.) (7853 Germany.) 

The Lecturer pointed out the advantage of supplying the engines of the jair- 
ship with gaseous fuel of a density as near as possible equal to that of air. 
It was stated that a new airship under construction by the Zeppelin Works 
will have engines specially designed for gas burning. The Lecturer had taken 
out patents for a special type of triangular ring girder with a gas bag inside 
and claimed a saving in structural weight of from 1o to 15 per cent. 


33. Meteorology 
Size of Particles in Fog. (Dr. Owens, J. of the Roy. Soc. Arts, LAAT, 
27/3/25.) (7871 Great Britain.) 
Dr. Owens gives figures for sizes of particles during a London fog and 
ina white country fog. He explains that the two types of fog are essentially 
different. 


Reduction to Sea Lever, by Means of Graphic-Mechanical Processes, of the 
Atmospheric Pressure. (G. Elliot, IV. International Air Congress, Rome, 
Oct., 1927.) (7905 Italy.) 

The operation of reducing the atmospheric pressure to that of sea level 
is based on an approximate formula for the variatic: of pressure with height. 

The success of the method depends on observational knowledge of the lape rate. 


Self-Electrification of Internal Combustion Engines—Gradient of Electric 
Potential near an Atrship. (A. Wigand, Z.F.M., XIX., 28/2/28, pp. 
77-86.) (9328 Germany.) 

The author, with T. Schlonka (Ann. der Phys., Vol. LXXV., 1924, p.279, 
and Z.F.M., XV., 1924, pp. 153 and 185), noticed that engines, excluding the 
rotary types which were not examined, show a sensible, positive, self-charging 
effect in flight as well as on the ground, while the exhaust gases show a negative 
electrification. 

The sign of the electrification is sensitive to changes in the composition 
of the exhaust, and by regulating the temperature and thereby the composition 
of the escaping gases it may be possible to have a neutral exhaust. 

Details are given of the apparatus employed for measuring the potential 
gradient near the skin of an airship. 
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It was possible to discharge a self-charge by equalisers sufficiently to preven 
danger of sparking in an airship, but not so as to measure easily or accuratel 
the potential gradient outwards from the aircraft. 

Tests on an engine in flight show a gradient of from 1,000 I'/M to 2,00 
1) \l, 10 to 20 times the gradient in the air near the ground, which is abou 
100 I’ M, and at 15,000 metres height, 25 |/M. The airship L.Z.126, of 
76,000 M* was available for extended tests and the electrical potential gradien 
was found to vary from 150 I’/M on a second flight. 

The author does not find any unavoidable risk of sparking in a dirigibk 
from self-charging by the engines. 


34 Acoustics 


Demonstration of a ‘* Doppler Effect in Acoustics. (J. Zenneck, Phys. Zeit. 
NXIX., 1/6/28, pp. 343-344.) (9329 Germany.) 

\ sound wave of frequency 1,000 per sec., is reflected from a moving pendulum 
to a microphone receiver coupled with an oscillograph and the interference of 
the direct wave with the wave reflected from the moving pendulum is recorded 
optically. 


Ultra-Sonics. (Prof. R. Boyle, Science Progress, XXIII., July, 1928, pp. 
75-105.) (9330 Great Britain.) 


A concise exposition is given of the work on sound-ranging since 1912. 
The main physical principles were anticipated mathematically by Rayleigh and 
later by Richardson through optical analogies. The piezo-electric properties of 
quartz are In most general application both for emission and reception. 

Beam transmission is feasible and telephony is practicable by controlled 
wave trains in a manner analogous to wireless telephony. 

The most important application is that of sound ranging. So far submarine 
sound ranging has reccived exclusive attention. 


A bibliography gives 43 references. 


The Measurement of Sound Absorption ina Room. (NV. O. Knudsen, Phil. Mag., 
33, June, 1928, pp. 1240-1257.) (9331 Great Britain.) 


The author starts with the assumption, based on standard experiments, 
that the rate of decay of a sound wave in a closed room has a_ logarithmic 
decrement of the form vat/4l’, where v is the velocity of sound, I’ is the volume 
of the room, and « is a surface to be determined experimentally. The measure- 
ment may be made either by oscillogram measurements or by determining by 
ear the time required for the sound to be reduced to a known fraction of an 


initial steady value. The conditions of the experiment are varied by opening the 
windows, ete. Various methods are discussed critically and preference is given 
to instrumental methods. A table gives comparative values for two selected 


methods and the difference is shown to be of an average order of two or three 
per cent., while in another table, a similar comparison is made, with about 
the same order of difference. In conclusion, the advantages and difficulties of the 


oscillograph method are discussed. The principal difficulty arises from the 
irregularity of the sound waves actually reaching the oscillograph which thus 
separates effects which are averaged by the ear. It is suggested that an im- 


proved technique of ‘* mixing *’ the sound so as to distribute the average intensity 


more uniformly through the room will get over the difficulties of the oscillogram 
method. 
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On the Coefficient of Sound Absorption Measured by the Reverberation Method, 
(E. T. Paris, D.Sc. London, Edinburgh and Dublin, Philosophical Maga- 
zine and Journal of Science, March, 1928, V., No. 29.) (9332 Great 
Britain.) 

A formula is deduced from the reverberation theory by means of which the 
reverberation co-efficient of absorption of a material can be calculated if the 
co-efficient for plane waves is known for all angles of incidence between o and 4. 
In the case of certain porous substances the reverberation co-efficient can be 
found if the acoustical, admittance per unit area is known. It is shown that 
in general the reverberation co-efficient differs from the co-etlicient at normal 
incidence. Some numerical values for an ideal porous substance are given 
by way of illustrating the results obtained. 


Measurement of Noise in Aircraft. (H. Fassbender and Kk. Kruger, goth Report 
of the D.V.L.-L.F.F., I., Part 4, 7/5/28, pp. 117-120) (9333 Germany.) 

A descriptive account is given of the elementary physical principles involved. 
These find application in the audiometer designed by Barkhausen and constructed 
by Siemens. The intensity is graduated in steps increasing by powers of 2 from 
38.107'? ergs to 27*.107'? x 38 ergs. Numbering the stages from 1-15, the 
degree of noise can be represented by a single number. 

Tables 4, 5 and 6 give the intensity of noise on this scale, and these were 
found to lie between stages g and 15, with the exception of the Dornier-Merkur- 
B.M.W.0, which was greater than the 15th stage. 

The strength and direction of the wind make differences as large as two 
stages (16-fold). 

On increasing the revolutions of a B.M.W.4 from 500 r.p.m. to 1,200 r.p.m., 


the noise energy increased from stage g to stage 1. The difference in noise 
outside and inside the cabin was as much as four stages, that is in the ratio 
2". 


Simple Method of Finding the Sound-Absorbing Power of Building Material. 
(G. Heimburger, Phys. Rev. XXXI., Feb., 1928, pp. 275-282, abstr. in 
Sc. Abstr., Section A—Physies, 25/5/28, p. 389.) (9334 Germany.) 

An accurate method of comparing the absorbing powers of building materials 
is described. As in Taylor’s method, a Rayleigh dise is used to examine the 
standing waves inside a tube, one end of which is closed by the test material. 
The main feature of the method is the comparison of the values of the maximum 
sound intensity in the standing waves when the end of the tube ts closed first 
by a hard material and then by the material under test. The results are accurately 


reproducible. The following values of the absorption co-efficient at a pitch of 
295 were obtained :—Commercial Celotex 7/16in. not perforated, 0.17 ; acoustical 


Celotex, fin. perforated side exposed, 0.34; J.M.Asbestos Akoustikos felt, Sin. 
thick, one layer, 0.15; two lavers, 0.43; J.M.Akoustikos felt, rin. thick (older 


type), 0.13; Akoustolith, rin. thick, tile, o.15; Rumford tile rin. thick, 0.22. 


35 Ballistics 

hee y of Internal Ballistics, Based on a Pressure Index Relation of Burning. 
(C. A. Clemmow, Phil. Trans. Roy. Soc. A., Vol. 237, 9/2/28, pp. 
345-382.) (9335 Great Britain.) 

The problem is divided into two parts; the first part covers the period of the 
burning of the propellant and the second part the period after the propellant 
is burned. Empirical rela‘*ons are assumed for the rate of burning and these 
lead to differential equaticas which are reduced to a simplified non-linear form 
and integrated numerically. From these the pressure and the travel of the shot 
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during burning may be calculated. Thereafter an adiabatic expansion is assumed 
and the remainder of the trajectory inside the gun may be calculated. It onl 
remains to introduce corrections for band friction. 


36 Effect of Height on Pilots 

Physiological Effects of Height on Pilots. (KWwanichi Tanaka, Aeronautical 
Research Institute, Tokyo University, Report No. 37, March, 1928, 
(9330 Japan.) 

Acknowledgement is made to Professor Dreyor, Pathological Laboratory, 
Oxford, to Prof. Spearman, University College, London, and the Wing-Conm. 
mander Flack, R.A.F. 

The low pressure chamber at Oxford University was used to produce condi- 
tions equivalent to heights up to 24,000 feet. IExcess of oxygen could be supplied, 
The tests comprised the effect on rapidity of mental reaction, handwriting, 
memory, muscular strength, etc., and both descending and ascending graphs 
were drawn. More positive physiological effects such as nausea, sickness, and 


even fainting were observed. A height of about 5,000 metres appears to bh 
critical. The actual figures recorded are contained in an appendix. A list of 


14 references is given. 


37 Radiation Chemistry 
Radiation Chemistry. (Ind. & Eng. Chem., XX., 10/7/28, p. 5.) (9337 U.S.A.) 


The main principles of radiation chemistry are discussed according to the 
types of rays employed, wave or corpuscular. It has been found possible to 
carry out a large number of polymerizations, as well as several syntheses. 0! 
special interest is the polymerization of the Isoprene family to rubber. 
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REVIEW 


Strain Energy Methods of Stress Analysis 


A. J. Sutton Pippard, M.B.E., D.Sc., M.Inst.C.E., M.I.Mech.E. 
Longmans, Green and Co. 14/- net. 


Professor Pippard has, for some years, made Strain Energy Methods his 
own particular field of study, and it was with a lively interest one heard that he 
was writing a book on this subject for the benefit of the student of engineering 
and the designing structural engineer. 

It was in 1879 that the ‘ Théorie de l’Equilibre des Syst¢mes Elastiques *’ was 
published in Turin by Castigliano, and though it was translated from the French 
in which Castigliano wrote, it was not available in an English translation until 
recent years. The translation was ably done by E. S. Andrews and_ published 
under the title of ‘‘ Elastic Stresses in Structures.’’ But Castigliano did not 
present his extraordinarily valuable methods of analysis in a form which was 
readily understood and applicable by the engineer. 

Before Andrew's translation there appeared Professor Hiroi’s book on 
‘“ Statically Indeterminate Structures ’? and H. M. Martin’s treatise bearing the 
same title. Both of these were a step in the right direction of simpier explana- 
tion. In 1910 Professor IT. P. Church, of Connell University, brought out his 
book on ‘‘ Mechanics of Interna: Work,’’ and this for many years has been 
the most important contribution in English to the subject, containing as it did 
many practical examples of the application of Strain Energy Methods to every- 
day engineering problems. 

The advent of the aeroplane, with the constant struggle between weight and 
strength, necessitated more exact methods of stress analysis than had served for 
so long in other branches of engineering. Mr. Harris Booth and Mr. Harold 
Bolas published, during the world war, their ‘‘ Method of Three Moments,”’ 
taking account of end loads, a method which was simplified by Mr. Arthur 
Berry. Later Professor Pippard himself, Miss H. Hudson and others, drew 
attention to Strain Energy Methods for the more exact solution of the problem 
of the indeterminate structures of aeroplanes. Since 1918 Professor Pippard 
and other workers have carried out a considerable amount of valuable research 
in connection with these methods. Professor Pippard’s methods have been very 
fully described in the lecture he delivered before the Society in January, 1926, 
and the many papers he has published. 

The book under review co-ordinates much of the work the author has been 
carrying out. The first three chapters deal with general principles. These are 
clearly written. In Chapter I. what is and what is not a redundant frame are 
explained and the principle of St. Venant enunciated. The very important 
Principle of Superposition is stated and emphasis laid on the fact that it is only 
applicable when the structure, as a whole, obeys Hookes’ law, a fact sometimes 
overlooked, 


In Chapter IT. is stated and proved Castigliano’s First and Second Theorems, 
together with general examples which make the exposition clear to the engineer. 
Chapter III. covers the ground of beams, curved members and stiff-jointed 
frames, and Chapter IV. the direct design of redundant frameworks, This is 
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a very important chapter and is largely based on R. & M. No. 793 by Professor 
Pippard. The method suggested by the author is simple and quick, though it 
may involve considerable tabulation. This, in fact, is the chief drawback to 
Strain Energy methods, since in practice the labour of tabulating results is not 
so great as it might appear to be. 

The great value of the book undoubtedly lies in the second part, where 
examples are worked out for the stresses of an aeroplane fuselage under torsional 
loads; the stresses in a stiff-jointed polygonal frame; the stresses and distortion 
of frames; the stresses in a roof truss having curved bracing members; the 
stress analysis of a bow girder with a concentrated load; and the stresses in 
a flywheel. These examples bring home quickly to the engineer, who still rather 
shies at the differential calculus, the extraordinary value of the methods. out- 
lined in the first half of the book. 


“Strain Energy Methods of Stress Analysis’’ is a book which should be 


in the hands of every aeronautical designer, for it will give him new methods 
of design which are of incalculable value. 


Nowadays fierce commercial competition makes it necessary that in all 
branches of engineering precise methods should be used so that materials may 
be used to the utmost economic advantage. In no branch of engineering has 
the fact become of more importance than in aeronautical engineering, where 
the weight factor plays, too, such a leading role in a!l design. Professor Pippard 
has placed in the hands of engineers an instrument of the greatest possible value 
and his book should become a standard one, It is one which can be thoroughly 
recommended, 
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